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THIS PLUG 


IN 
THE | 
OUTLET 


GRIP PRONGS* give dependable service on all electrical 


equipment. Available on the better complete cords only, 





GRIP PRONGS* Expand and 
actually grip sides of slot. 


Plug stays in—good contact 


even in worn outlets. 


2 Maintains the best possible 


electrical connection. 


Prevents damage to electrical 


contacts in the receptacle. 





Positive electrical contacts —No 
strain. No damage. 


WIREMAKER FOR INDUSTRY a 
SINCE 1902 
CHICAGO 





Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord © Aircraft Wires 
Welding Cable « Electrical Household Cords * Electronic Wires ¢ Automotive Wire and Cable 
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THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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laminoted ond 
reinforced plastics 


varnished or coated 
tubings and sleevings 





INMANCO ® wedges, slot 
insulation, and fabricated products 
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insulating papers 


plastic films and pressboards 
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Precision engineering of contacts, contact designs and specifi- Motor start and motor run capacitors are Mallory precision engi- 
cations of metals and alloys for contacts and back-up materials neered products. There 
can result in longer-lasting, more economical assemblies. What- 
ever the need, let Mallory’s experienced engineering staff —spe- 
cialists in contact metallurgy —help you. 


is a wide selection of capacities, styles 
and voltages for every application. New, compact designs enable 


mounting anywhere in the cabinet. New, low voltage AC model 
offers added economy for 110 V applications. 
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Wirewound rheostats, featuring the exclusive hinged contact, Mallory plunger switch is compact, extremely versatile. The 


are available in a wide range of standard models. Mallory engi- basic design enables adaptation of this switch to a variety of appli- 


neering will help adapt these to suit your needs, or develop spe- cations and circuits—including normally open, normally closed, 
cial designs and ratings for more individual applications. or DPDT service. 
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To time any sequence or length of cycle, depend on a Mallor er 
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or the Appliance Industry 
through Mallory Precision Components 


Appliance manufacturers, both large and small 
have depended on Mallory products for vears. 
The breadth of the line, the high degree of relia- 
bility, and the economy of using high quality com- 
ponents have proved the wisdom of their choice. 


Mallory has standardized on many parts, enabl- 
ing rapid adaptation of that part to fit the exact 
requirements of a particular make or model ap- 
pliance. Mallory timer switches are excellent 
examples of how parts can be made in basic 
models, yet retain the flexibility needed to enable 
their use in a wide variety of products. The 
economics of this kind of advance planning and 
engineering are passed on to you. 


Serving Industry with These Products: 


Electromechanical—Resistors ¢ Switches @ Tuning Devices @ Vibrators 
Electrochemical—Capacitors © Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts @ Special Metals @® Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


Often, some very special or unusual need arises. 
Mallory has been able to meet these problems 
faster and more economically, thanks to un- 
paralleled experience in exact or closely allied 
] 


fields. The design of an oven signal device, liter- 
; 


ally overnight, is good example of applied 
Mallory ingenuity. 


Whether you're in the design stage . . . or tooling 
up for production, it will pay you to see the man 
from Mallory. He’s a qualified and experienced 
man in your field—ready and willing to help 
you apply Mallory ingenuity and economy to 


your production plans. 








MALLORY 


Inc., INDIANAPOLIS 6, INDIANA 











P. R. MALLORY & CO. 
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INOW,/...f£rom ICKERS 


a complete line of 
STANDARD HIGH GAIN MAGNETIC AMPLIFIERS 


...from the pioneers and 
developers 


YOUR LARGEST AND 
MOST DEPENDABLE SOURCE 


4 WEEKS’ DELIVERY 
(many can be shipped directly from stock) 








RESPONSE TIME Ss POWER GAIN CONTROL WINDINGS 
Ue SEE WOTE 3) CMe SEVOLECOR px Oy pg SEE NOTE 4 rym Myyq, ———_(SEE NOTE 8) 
ay a es 8 ee) 7-8 





BULLETIN DC DC Load AMP- Input OFMS Inout 3- No Ex- 100 TURNS 500 TURNS _ gu. 
NUMBER Volts Watts Volts Amps. Ohms TURNS Watts Ne Watts Cycles Cc: C> 63% ternaiR Ohms “Max. Amp. Ohms Max. Amp. NO. 


2 120 39 37 105 350 O13 0011 0030 13 0027 5 200 120 24 058 0 O12 2502 
10 67 «43155275 
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2530 240 1170 10 60 0060 .030 0139 39000 (3.9 0.92 105 0.18 “2530, 
1. Type DDIB amplifiers (Bulletin Numbers 2502-2510) operate from a 60 cycle, | phase 4. The time constant for any value of resistance in the control circuits can be determined 
. op 

power source, and consist of 1 reactor, 2 saturating rectifiers, and 1 c mplementar y as follows N 

rectifier. (See Note 6.) TC ‘in cycles)\=C s + Cc. 
. Type DD3B amplifiers (Bulletin Numbers 2522-2530) operate from a 60 cycle, 3 phas 5. Additional or special control windings can be supplied. Bulletin Numbers 2502, 2503 
2 ae source ie Cor aad 3 om tors and & netunstine socilions. ve — 2522. and 2523 require special terminal brackets for more than 3 windi nes Other 2500 

; 5 i : ’ Series amplifiers require special terminal brackets for more than 4 windings 

3. Basis of Ratings— 6. ODIB amplifiers can be supplied as ADI ‘AC output) ampl Current and voltage 

Reactor—50° C temp. rise above a 40° C ambient outputs (RMS) are approximately 1.3 times, and AC power is sees oximately 1.7 times, 

Rectifier—40° C temp. rise above a 35° C ambient DC values shown above 

@ Other output and supply voltages available. Send for your copy of Bulletin 


@ Standard low input amplifiers (10-9 watts) and standard 


1105-1, ao new 32-page bulle 
high output amplifiers (4.5 x 10° watts) are also available. 


tin on magnetic amplifiers 


giving principles, characteris 


VICKERS INCORPORATED ies.0 isoie ceaues: on your 


compony letter eal 
DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET - SAINT LOUIS 3, MISSOURI 
EPA 1250-1 
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3. What difficulties may be experi- adhesive is low at room tempera- 


s e i. rf Sl al cei a eI I ri | a a lates 











Chemical-Electrical 
Systems Engineering 


Resear target of a svstems eng 
ae Mor -ant ( t - Re 
sear i Engineering Divi- s 
desi mmple he rocess 
pl ich the che | rea 
| =a sted inst: ace ; a 
trols, and the h n operators all oy 
te 1 dyvnami balance The rou} 
prises voth ele l ind he ical 
gineers 
@ As described irrently CH i 
r Engir ering Vews. the systems en 
gineering program is based on (1) de- 
termination of the chemical reaction 
nechanism, and (2 design of the 


equipment and controls with character 
istics that are matched to the process 
requirements. Dynami balance is 
achieved by means of knowing reaction 
rates, equipment responses to changes 
dynami 


in process conditions, and 


characteristics of instrumentation. 
e@ Well - established 


servomechanism theory are applied t 


{ 


mathematics ) 


the electrical and mechanical systems 
jut conventional mathematical means 
can not be easily applied to chemical 
systems owing to chemical reaction 
kinetics and complex equipment be- 
havior. Consequently, a specialized ana- 
log computer is used to handle the 
chemical systems relationships. 

e First, the reaction rate constants are 
determined and a reaction mechanism 
is developed by the systems engineering 
group. The mechanism is expressed as 
a set of simultaneous differential equa- 
tions and solved by the computer. The 
mathematical model can then be ex- 
panded to provide systems design data 
as may be required, including such 
factors as size and type of reactor; 
performance of systems under various 
stated conditions; and type of control 


system needed. 





. 
Extreme Shock-Resistant 
Printed Circuit Module 
Module design pris ipies Nave ee! 

MI ssl] ind I Ket Dp 
¢ s. As described | he designers 
Art Ansley Manufacturing Cor 

New Hope. Pent the basi 
lule is a three-dimensional unit (see 
illustratio 
[wo printed it boards are inte 
ocked \ eans { center slots t 
form a structural column with a cross 
x plus shape. By means of projec- 
ions and slots at the top and bottom. 
these boards in turn interlock with 
other circuit boards to form a_ very 
rigid structure. The whole structure fits 





shows 


Exploded view Missile Module 
(patent applied for) construction for 
printed circuits subjected to extreme 
shock and vibration environments. Other 
module designs are shown to the right. 


g | support t 
g ssed irds. M end 
whole s ture to 
I é ad size 
S he sing be either 
ectangular. 1 yoards 
} S S ¢ ide of high-strength 
al s s glass-fiber-reinforced 
pox I ts are reintorced wit! 
x t. Associated reult com 
s ld usually be cemented to 
) i t prevent strain I the 

leads or lugs 


Lead Compound Semiconductors 
In Rocket Instrumentation 





Lead sulphide photoelectric cells are 
essential components in the U. S. Army 

ajur Rocket instrumentation 
system for exact continuous measure- 
ment of water vapor present in the 
earth’s gaseous envelope at various 


altitudes. By using the sun as a radia- 
urce, the components and elec- 
tron instruments operate to measure 
amounts of water vapor present. The 
water vapor acts to reduce radiation 
intensity at varving altitudes to varv- 
ing degrees. depending on its content, 
outputs 


thus varying proportionate 


from the photoelectric cell are accord- 
ingly induced. 

Other uses for PbS include submin- 
iature photosensitive resistors, their 
overall size being comparable to that 
of a crimped paper staple. Signal-to- 
noise ratio is excellent, particularly in 
infrared. They are free of vibration 
effects. 

Lead sulphide photoconductive cells, 
in combination with infrared lighting, 
also form an integral part of a process 
for superimposing an opti al-magnetic 


sound recording on motion picture film 


9 
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without affecting the optical track, a 

process gaining in versatility. 
Breakdown of lead compound semi- 

conductors and their applications are 


accompanying table: 


Lead Compound Semiconductors 
and Their Applications 


mig 

point 

deg ¢ Application 
PbTe 920 Infrared 
PbSe LO80 detectors 
PbS 120 Phermo- 
Bi,Te; 580 electric 
ZnSb 563 refriger- 
CdSb 156 ation 
Ac.(Se.S) ~BO0 and 
CuAdgTe | ~925 power 





Ultra-High Temperature 
Component Research 
Launched in France 


Critical need for electronic materials 


able to operate 


at ultra-high te mpera- 


tures and in extreme altitudes’ in 


supersonic aircraft electronic systems 
is now facing French electronic equip- 


ment designers. They are thus recog- 
nizing a problem that has a top-priority 


rating in this country. 


French design opinion tends to re- 
ject solution of high-temperature prob- 
lems by compensatory air-cooling de- 

1 
vices and systems The eget is the 


development ot component parts able 


0 withstand ambient temperatures 


over the range 125 C to 400 C. At 


20.000 meters altitude. Mac 


are presumed to create a temperature 


imbient of at least 340 ¢ At Mach 2? 


speeds the temperature ambient is not 


h > speeds 


seen to be in excess of IPO ¢ At the 
low end. the operating te nperature is 
considered to reach K) C at either 


Mach number. A survey 


in the French electronic industry seeks 


initiated with- 


answers to the following questions: 


4. General Considerations 


l. Are 


temperature service 


ultra-high 
ivailable in 


components tor 


countries other than France? 


2. What is the influence of maximum 


altitudes on operation of equip- 
ment? 


3. What difficulties may be 
enced in exposure of components 


experi- 


to oxidation and corrosion? In 
lack of 


istics? In 


reproducible character- 
maintenance of pro- 
duction and 


quired? In stability? 


deliveries as re- 


4. What are the effects of 


? 


p! rT e 


(cost ) 


> f. Spectfu R & dD Proble ms 


1. Tubes (life: 


ance ot glass € nvelopes) 


temperature resist- 


2. Resistors (stability; loss in re- 


sistance values; reproducibility; 


derating 


3. Capacitors (reproducibility; de- 
rating: stability) 
1. Autotransformers: (magnet wire: 
ore losses 
5. Rotating machinery (materials) 


6. Wire and cable insulation; mate 


rials for other insulation 


Side ght observatior The I rench 
have included price as one of the gen 
eral considerations: in this country, 


we have not been overly concerned 


with this aspect—the design need has 
been the overriding consideration. 

As soon as the results of the French 
survey will have been completed we 
hope to summarize the results in this 


department. 


Epoxy Adhesives in 

Cryogenic Equipment 

An earlier mention was made of a study 
of epoxy adhesives for equipment op- 
erating under cryogenic environments. 
(EM 10-57/9 Additional details are 
now ay tilable Here is a summary ot a 
report by R. M. McClintock and M. J. 
Hiza. National 
Boulder 


Crvogent 


Bureau of Standards. 
Colorado. before the 1957 
Engineering Conference: 


filled 


epoxy resins as adhesives were investi- 


e Copper-to-copper bonds using 
gated to provide design information for 
a liquid hydrogen-cooled electromag- 
net. The adjacent coils of the magnet 
were spaced with the adhesive so as to 
provide structural rigidity as well as 
electrical insulation at the operating 
temperature of 20 K (—253 C 

€ The adhesives were two-compone nt 
systems consisting of a liquid amine- 


type curing agent and an epoxy resin 


paste containing an inorganic filler 
material. The filler was predominantly 
alumina and asbestos totalling approxi- 
mately 55 per cent of the resin-filler 
mixture. The curing agent used was 
diethylaminopropylamine, a_ relatively 
slow-reaction type recommended for 
elevated temperature curing. 

e The following conclusions were 
reached: 


1. The impact strength of the bulk 


adhesive is low at room tempera- 
ture and decreases to a very low 
value at 76 K. It displays increas- 
ing brittleness and notch sensi- 
tivity with 


decreasing tempera- 


ture. 


2. Temperatures above the cure tem- 
perature cause damage to epoxy 
resin adhesive bonds and result in 


decreased tensile and shear 
strengths. In particular, epoxy 


resins poly merized with diethyl- 


aminopropylamine are seriously 


harmed by temperatures of 125 
C and higher. 
3. Rapid thermal eyeling between 


76 K and room te mperature prior 


to testing at room temperature 
results in decreased shear strengtl 
of these adhesive bonds. while the 
tensile strength is affected only 


slightly. 


1. Bonds tested at 20 and 76 K 
(cooled rapidly) displayed rough- 
ly the same tensile strength as at 
room temperature, but showed a 


sl ear 


considerable decrease in h 
strength at the low temperatures 
There is no significant change in 


shear strength between 76 and 20 


K. 


idhesive bond at 


room temperature, the 


» Given a strong 
match be- 
tween thermal expansion of ad- 
hesive and adherend is a good 
criterion of its strength at low 


temperatures, 


6. Thickness of the adhesive bond 
was found to have no effect on 
strength between 10 and 30 mils 


Pure Dysprosium Metal 
Available in Research Quantities 


Dysprosium metal, one of the rare 


earths, with applications not only in 
the construction of nue lear reactors, 
but also as a constituent in magnet 


alloys and ferrites, is now being pro- 


limited pilot-plant lots by 
Chemicals, Inc., Burbank, 
Calif. (a subsidiary of Nuclear ¢ orpora 


America). The 


99 per cent pure, in lump and ingot 


duced in 
Research 


Q 


tion of metal is 98 to 
form, and can be supplied in lots of 1 
gram to 1 Ib. Previously. only exceed- 
ingly small quantities were available 
for research purposes. 

In nuclear applications, dysprosium 
provides the advantage of a high neu- 
tron-absorption ability (neutron cross- 
section is 1100 barns) combined with 
good properties of temperature resist- 
ance, corrosion resistance, workability 
and weldability. The metal’s paramag- 
netic properties point to its use as a 
component in 
applications. 


ferrites or microwave 
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Large-Size Silicon Crystals Inc., under an AMC contract. The sili- Both the coating ar 


) For infrared Applications con used is described as being of tran materia in withstand 
sistor-grade purity. The windows per eratures of at least 400 ( 
Half-inch thick silicon windows up to mit at least 90 per cent infrared shock resistance is said to 
6 in. diam can now be produced for transmission at 15 microns wave ee 
ipplications in infrared transmitting length. The wave length may be higher Infrared transmitting . 
windows, according to an Air Materiel or lower s desired. Either it-plate | S S 
Command announcement. The crystals or hemispherical shapes can be pro- ritical equipment such as target 
have been made by Texas Instruments. duced—ground, polished and coated. ers mbing devices. night 


Research Note 


Evaporated Thin Magnetic, Dielectric, and Conductive Films for Micro-Circuits 


. e | 
_ Lik 
+ . F 
( & 
e ( 
| 
if ~ 
‘ = 
“ y 
y ) | i g 
\ 
‘ - 
g e fx 
- e 5 
at 
e@ Mag 
| e ‘ 
e Fx rk at S < 
t | | } Pr - ) 
( 2 ( | ‘ iu g g 
¢ g ) ( 
~ ( 
Up to 200 € the qualit e oh. vahoneake pra ; ’ ° ne DAVID WILLIAM MOORI 
} “ g { 
} ~s ( 





J) 


Silicone Silicone No Silicone 


Silicone N 
Overcoating Overcosting 


> 
« 


Fe-Si 7620A Fe-Si 2400A 






Hysteresis loops of Fe-Si magnetic films, thickness 7620 Angstrom and 2400 Angstrom, as shown, with and without silicone over- 


coating. 
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peraapetans immeras, navigation instruments 
and thermal mapping device Research 
activity in the infrared field is) ex 
tremely active, but. to a major extent 
details are inder military security 


classific ation. 


Field-Effect Amplifying Device 
Based on Electrolyte/ 
Semiconductor Interface 


Laboratory demon- 


experiments have 
strated amplifier operation at 1000 cps 
with gain in exeess of 15 db through 
application of transistor action at a 
semiconductor electrolyte intertace 
modulated by an electrical field. This 
work was recently described by J. F. 
Dewald of Bell Telephone Laboratories 
in a paper presented to the 


Physical Society in Chicago 


American 


The new experimental device de- 
scribed uses a hexagonal rod-like crys- 
tal of very pure zine oxide as the 
semiconductor, immersed in a_ highly 
conducting electrolyte. Zinc oxide is a 
large-energy-gap semiconductor; there- 
fore it can be operated in a high enrich- 
ment condition, with one end of the 
crystal cathodically biased with re- 
spect to the solution, and the other end 
anodically biased. In between is a neu- 
tral point which is unbiased. At this 
point the energy bands are flat right 
up to the surface of the crystal. A 
platinum electrode placed near this 
neutral point serves as the grid element. 
As this neutral point shifts back and 
forth under the influence of varying 
biasing grid voltages, the resistance of 


the crystal changes. passing a current 





N Ob: sommmama 


very clo ely | eu respotise Is ob 


tained over a fairly extended range 
The two ends of the erystal are first 
ohmi 


indium-plated to assure good 


contact: the next step is copper-plating 


to allow soldering copper wire leads 
The platinized platinum grid completes 
the assembly, After insulating all wires 


ind) connections except the grid the 


assembly is immersed in the electrolyte 


(5 per cent sodium tetraborate and 


boric acid solution) hermeti 


sealing 


in a small glass tube avoid electrolyte 


evaporation 


The small units required to give high 


frequency operation so lar us ervstals 
ibout O38 mm long and 0.15 mm in 
‘diameter. The present low output 
power levels could be raised appres 

bly. without anv overall increase in siz: 
or any change in other operating charac- 


teristics. by eventually going to a flat- 
plate ervstal instead of the rod geom- 
etry. 
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Laboratory model of field effect transis- 
tor amplifier. Schematic diagram illus- 
trates principle of operation. Experiments 
with the new device have produced over 
15 db gain at 1000 eps. 








Initial work on conductivity modu- 


lation at a semiconductor/ electrolyte 
interface was carried out more than 


tell I clephone Lab 


oratories, during early studies of tran 


len years ago, at 


sister action, 


Department of 
Electronic Millenia 


The problem of handling money some 
75 vears from now doesn't particularly 
eoncern us (weve got 1958 on our 
mind! but for the record it may be 
noted that electronic systems special 
ists at Designers for Industry, Cleve 
land. Ohio, have come up with a pre 
diction that come, say, the vear 2033 
give or take a decade or so, all bank 
deposits ind withdraw ils ind ill cash 
purchases and charge payments. will 
be made by means of individual “ele 
tronic pocketbooks” and auxiliary data 
processing equipment ised by emplo 
ers, business and banks 

How are we going to do it? The ele 
tronic pocketbook will be a laminated 
metal card, about the size of today’s 


drivers license that will 


contain 

complex network of printed circuitry 
This circuitry will form the basis of an 
electronic “meter.” showing the amount 
of dollars available to the user. De 
posits will send the meter up. payment- 
down. in gradations as small as 1é. 


Wages will 


ploy ee's elec tron 


be “posted” on the em- 
por ketbook by the 
employer. The same machine which 
does this posting will be wired to a 
central bank 
posts a similar withdrawal on the cor- 
porate por ketbook. Each 


card will contain, in addition to visible 


clearing house, which 


electronic 
identifications. an additional invisible 
electronically coded identification num- 
ber. 

If this will make posterity 
O.K. 


crisp, 


happy. 
. . But we still like the feel of 
cheerfully green bills in our 
wallet, and the clink of silver in our 


change por ket! 


—A.E.J. 
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Improved High-Altitude Carbon Brushes in France 


which follows the driving frequency 
Research 
A recent French patent, No. 1.153.808, 


discloses the successful use of a new gen- 
eral type of impregnant for carbon 
brushes to improve their performance in 
rotary electrical machines in high-altitude 
service. The manufacturer of the brushes 
using the new process and materials, Le 
Carbone-Lorraine, Paris, reports that in 
a comparative test the treated brushes 
exhibited general performance at an al- 
titude of 60,000 ft equal to that in ground 
service. Without the impregnant, the same 


brushes were completely expended in a 
few minutes at the same altitude. The 
brush treatment in this case was butyl 
phthalate in a proportion of 5 to 10 per 
cent of the brush, by weight. 

The problem of obtaining good life and 
performance in electrical brushes operat- 
ing at high altitudes and rarefied atmos- 
pheres is one of long standing, and has 
led in the past to the use of various modi- 
fications of brush composition including 
the use of impregnants. The use of poly- 


aleehols and the salts and oxides of heavy 
metals to entrap moisture for lubrication 
of brush-wearing surfaces, and the similar 
use of lubricants such as fluorocarbon 
polymers, have been proposed and in- 
vestigated. In the new process, graphitic 
and metallographitic brushes are impreg 
nated with aromatic acid esters. Phthal 
ates of the aliphatic series between methy] 
phthalate and octyl phthalate are favored 
for the purpose because of their structures 
and low vapor tensions. A. E. R. 
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HIGH STABILITY 

FOR —55°C to + 85°C OPERATION 
HIGH CAPACITANCE 

SUBMINIATURE SIZES 

LONG SHELF LIFE 


RESISTORS + RELAYS * TAP SWITCHES 
RHEOSTATS * TANTALUM CAPACITORS 


JUNE 1958 


ACTUAL SIZE 





SERIES TW WIRE-TYPE TANTALUM CAPACITORS 

These new subminiature, wire-type units feature greater capacitance per unit 
volume, lower leakage current and power factor, and small capacitance drop 
at extremely low temperatures as compared to other types of electrolytics. 
Ultrasmall for low-voltage DC transistorized electronic equipment, these new 
tantalum capacitors have high stability, high capacitance, long shelf life, and 
excellent performance under temperature extremes of —55°C to + 85°C. Avail- 
able in eight subminiature sizes; 0.1 to 80 mfd. over-all capacitance range. 











UNINSULATED 


INSULATED 












075 (%) -156 (%2) 






SERIES TF FOIL-TYPE 

These capacitors are tantalum foil, 
electrolytic units designed for low 
voltage AC and DC applications 
where small size, top performance, 
and stability of electrical character- 
istics are required. Units feature un- 
usually long shelf and operating life. 





S$ -075 (%) -187 Ge) -234 
©M .095 (%:) ,172 (%a .218 
cA 095 (%:) .250 (Ya) 312 
°B 125 (Ys) 312 (He) 375 *Add +" to L and &" to D 
c 125 (%) 500 (4) 562 when insulating sleeve is used. 
-125 (Ye) -625 (%) 






-125 (%) -750 (3%) 


Smallest size is .075 (544) x .156 (54) inches; the largest is .125 (44) x .750 (34) 
inches. Five stock sizes (*) are available in a wide range of capacitances and 
voltages. Units insulated with a tough Mylar® plastic sleeve can be furnished. 
Write on company letterhead for Bulletin 148B. 
















OHMITE 


QUALITY 
-omponents 


VARIABLE TRANSFORMERS 


Circle 108 on page 17 


Three sizes now available; .25 to 140 
mfd. over-all capacitance range. 
Standard tolerance is + 20%. Work- 
ing voltage up to 150 volts. Polar 
and nonpolar units are available. 
Bulletin 152. Design and construction 
meet military specification MIL-C- 
3965, paragraph 3.3. 


Skokie, 


OHMITE MANUFACTURING COMPANY 


3613 Howard Street, Illinois 





“JIC” Wireways 
and Fittings j 


JIC” Enclosed 
Wiring Troughs 


to figure on 


KEYSTONE 
Pe em Ata tal- met ll taal 


Keystone now offers a complete new 
line of standard J1C wiring equipment 
stocked for immediate delivery —plus 
facilities for producing custom en- 
closures to your specifications. 

Send for catalog today! 


KEYSTONE MFG. CO. 


23358 Sherwood Road 
Warren, Michigan 


=~, 


“JIC” Terminal and 


Pull Box Enclosures 


NEMA Type 12 — “JIC” 
Control Panel Enclosures 


e 


Oil-Tight 
Pushbutton 
Enclosures 


Special Custom Enclosures 
built to your specifications 


Circle 109 on page 17 


Pius or Minus 


Random Comments of the Editors and Readers 


Engineermanship 
From the Benson-Lehner ¢ orporation 
comes a cleverly conceived and executed 


little book called “On bein 


head: or 


engineersmanship 
shell of it.” We 
e “Be 


particularly like 
quick to seize the problem 
its validity. this can be 


construed as a negative 


non-creative 
attitude. Don’t fall into the trap of eval- 


uating all of the possibilities, you will 


be considered ic | ‘ur asso 
clates and a drean Vv your super- 
visors, Seize the bal i in with it, 


it's the speed that co 


| not the dires 


tion.” 
e “Build, build 


ot plenty. Never risk 


build—this 
bemg 
mock ip down. And 


ber—there is nothing like a 


with your 


hardware to justify an over-run.” 


e “Go in for brainstorming—play 


cerebral study 


popeorr be sure to 
brainstorming seriously. This is an ex- 
citing new game and is wild for the 
kiddies. Everyone is doing it so it must 
he good. Logie is for the stuffed shirts 
ind Aristotle. Why 


easy to have fun and get paid for it es 


» “Tf 


work when it’s —o 


youre going rive a paper, 


read it 


themselves four times faster but it does 


read it the iudience could 
them good to slow down a bit. Beware 
of abstracts. Never show vour hand at 
the beginning-——who would ever read a 
novel if they 

@ “Above 

Copies ot 
be obtained from 
11930 Olympic Boule 
64. Cali 


The Nothing Machine 
\\ t may h i\¢ 


the designer or engineer who 


found a 
veloped in occupational lCULOSIS 


traceable to crash 


over-exposure to 
programs and rigid but contradictory 
specifications The many-talented de 
Charles 


‘absolute 


signer. Kkames, has now uw 


earthed purpose lessness” as 


a design target 
Phe Inspiration for this as a sper ifi 
project was Alcoa's desire for a vivid 


portrayal of the design potentialities 


of aluminum for their “Forecast” pro- 
gram. Eames labored and then brought 
forth the Operated 


by the energy of solar ravs focused on 


“solar-energy tov.” 


silicon cells. a gay and freely conceived 
display of wheels, stars and hypnotic 
caused to 


shapes in vivid colors are 


revolve, oscillate and perform complex 


interactions, all approaching th 


solute in their innocence of limitation 
that might be imposed by 
reason. The freedom and 
sible in tackling a_ projec 
nothing machine is evident 
design: it sparkles with 
and irresponsibility. 
Relieved of the necessity 


plish anvthing in parti ulal 


with the freedom to 


an-wer! 


isual “what does it »?” ques 
ve-tT ived ner ma 
Im ind is 


I having iined some pro 


the field of 


iimiess Inve! 


rse there is ilwavs thie 


vossibilitv. that countermeasures may 
I 


be developed by the sales department 


Po the ultir 


ate anxious question, “who 
wants it?” the sales manager’s bland 


and relaxed reply may well be 


body.” A.E.R 
So What Else is New? 

News Bureat 

Lockheed Georgia dD s 


\ quarter million-dol ar electronic con 
puter named “DAEAC” has arrived at 
Lockheed Aireraft’s Marietta 


(,a plant 
ronnie jul l 1 
\nalogy lectric 
rushed 


the U.S. to 


The complex ele 
called 1 “Direct 
Analog Computer.” was 
Pasadena. Calif 
Marietta. Or 
that the 

through 


from 
across 


arrival. it was discovered 


Mensuration 


\ magnificent thing. the b 
It’s really i tvpe thermon 
It can measur 


In a polar 
At a distance 


An Invitation to All 
System Design Consultants 
GEORGE H. AMBER 

AmBer & Amrer, Consulting Eng 
19925 Schaefer Highway 


Detroit 35, Michigan 


All « onsulting 


lems. But 


engineers have prob- 
those few of us who are 
system design consultants (rather than 
construction-consultants) are really in 
trouble. In fact. the whole systems en 
gineering business is in a bind. What 
we need is a Systems Engineering 
Council for consulting engineers. 
Consultants have a rough go in try- 


ELECTRICAL MANUFACTURING 























ALLIED’S CH RELAY 


Miniature 10 Amp 4 PDT 


Designed for Resistance to: 


Shock —100 gravity units 






Vibration—5 to 55 cps at 0.5 inch double 
¥ 
amplitude 55 to 2000 cps at 30 Now with 


re Stabilized Construction* 
> Temperature—from —65°C 


to +125°C 


Other Specifications: 





Contact Rating: 10 amperes 
resistive, 8 amperes inductive, at 29 
volts d-c or 115 volts a-c 400 cps 


Weight: 5.3 ounces 
Dielectric: 1500 volts rms at sea level 
Contact Resistance: 0.10 ohm max. initial 


Contact Arrangement: Four Pole 
Double Throw ACTUAL SIZ 






















eet Uae DRL The Allied CH-12D Relay was 
-—— | Le _ “1 Pes rt Mare dy: developed to meet the more rigid 
requirements of vibration, shock, 
temperature, rupture and overload 
conditions of the latest MIL spec. 
This relay is constructed with the 
latest improved materials and 
processes available. This relay is 
available with other mounting 
arrangements, such as 4 mounting 
Po studs, 2 mounting studs or holes 
al rt pyle ve : with Allied MHY-12D mounting 
ak —\_uax —- dimensions. For additional 


Pai ieee lt ee ea ae ed Pv} CL aah Ce eee) information write for Bulletin CH, 


é ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N, Y. a 


Circle 110 on page 17 









| ing to get system business (such as 


} 









oat. Sey emcees So Tate RO Re semen mE come 


a 
quarter-turn 
fastener 


automation control systems because 


. 


so many manufacturers provide “free” 
engineering service. The manufacturers 
lose money on their systems design 
service, but don’t see an integrated 
group of consultants in sight who can 
assume this work. And the poor cus- 
tomer ends up with a so-so package 


system, or more likely, just doesn’t 
. ° buy. 
for thin material and So let's stand up and be counted 


Once we are known as a group who 


miniaturized 
Ps equipment | 


are ready to take on svstems design. on 
an ethical consulting basis. plenty of 
work will break our way. I have set up 
a preliminary meeting of the System 
Engineering Council (tentative name 


It will be on 10 June 1958. in the New 


York City Coliseum (Rm 415. 2:30 
PM) coincidentally with the Interna 
i tional Automation Exposition and 
Congress At this meeting. we will 
thrash out points such as 
| 1. How to get more system- work 
2. The consultant systems engineer 
us the staff systems engineer 
4 ACTUAL SIZE—INSTALLED 3. “Free engineering” vs fee- 
be 1. Ethics, and separation of systems 
i... work from component work 
5 Support of the System. Engines 
. ° ing Council. 
CAMLOC low cost/light weight Pisce ko so change sn aAdiicetions2s 
© write and let me know if I can count 


on you. 


| feeturent 


ae 


MU PTUP COOL eame coe 


Camloc’s new small, lightweight 5F Series features 
high strength-weight ratio plus the quick-operating 
advantages of a %4-turn fastener...in a size and 
weight that offers new design possibilities to orig- 
inal equipment manufacturers! Particularly adapt- 
able to thin materials and miniaturized equipment 
like airborne electronics, small electro-mechanical 
and computing devices and communications com- 
ponents. Ideal for attaching lightweight components 
in “packaged” equipment or for holding access 


panels on everything from washing machines to 
radar units. 












Offered in many 
different head styles. 
Complete specifica- 


This Month’s Cover 


The wide variety of types and applica- 


tions will be sent to 
you on request. 


tions of mechanical fastener- existing 
today is indicative of their importance 


in the design of electronic equipment, 


both military and commercial. This 
month's feature insert provides a design 
53 Spring Valley Road, Paramus, N. J. engineers guide to the selection and use 
of the more important fasteners. a num- 
WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. ber of which are shown in abstraction on 
FORT WORTH OFFICE: 2509 W. BERRY ST., FORT WORTH, TEXAS the cover. 
16 Circle 111 on page 17 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 


cate the principal product of your plant or 
laboratory. 


7, 
hs 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
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of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
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21 different basic insulations 






84 different insulation constructions 


| 100,000+ different types and sizes 


Cin round, square and rectangular fabric and film coated magnet wires) 


Add them up! EXTRA care in drawing and annealing—EXTRA care in insulatin 
techniques! EXTRA rigorous “in-process” testing of wire from every machine 
each day plus 100% final inspection! EXTRA quick identification of size and type 
one isy-to-read, color coded labels ...and EXTRA attention to pa kaging 


1wcU 
(spool, reel, and Magna-Pak*) at each of the four piants. 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana 


Manufacturing Plants: Birminghem, Alabama; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan 





NATIONAL NETWORK OF WAREHOUSES AND SALES OFFICES...CALL YOUR LOCAL “ESSEX MAN" 


JUNE 19 Circle 112 on page 17 








How you get more than just a motor 


You get true design flexibility with 


Suppose you have a particularly tough design 


problem—one that requires a specific motor to give 
the best results. You don’t want to take a chance 
on not getting the right motor for the job. 


This is where Century Electric’s complete line 
of a-c and d-c motors, 1/20 to 400 hp, can be of 


help to you. You have a complete variety of motors 


from which to choose. Makes it lots simpler than 
shopping around to find what you need. 


For help on your particular design problem, 
contact your Century Electric sales engineer. He 
has the know-how that comes from applying, engi- 
neering and thinking motors and nothing but motors 
day in and day out. If he can’t give you on-the-spot 





Century Electric’s complete line of motors 


answers, he has an experienced engineering staff want to help you get the right motor for your job. 


backing him that can come up with quick, depend- For more information, contact your local Century 
able answers to your problem. Electric Sales Office or Authorized Distributor. 


This is why you get more than a motor when CENTURY ELECTRIC COMPANY 


you take your motor and generator design problems St. Louis 3, Missouri 


to Century Electric. You get a quality product Z 
CAE 


backed by know-how. You can call on men who 


Circle 113 on page 17 


















































Maytag production men 
find P-K® fasteners have 


BUILT-IN SAFETY FACTOR 
that helps save 
time and money! 





“Head breakage can be a major pro- 
duction problem, especially when it 
occurs in ‘blind-hole’ assemblies. In such 
cases the washer or dryer must be pulled 
off the line while the broken screw is 
drilled and removed. Salvage operations 
are even more costly if screw heads pop 
off after a unit is crated for shipment. So 
the toughness and breakage-resistance 
of fasteners can be mighty important. 


“‘Parker-Kalon Self-tapping Screws 
are well engineered—hard and de- 
pendable even with high-torque, 
impact-type drivers. They give us the 
safety factor Maytag’s high-quality 
standards demand.” 


Thousands of users have found P-K’s 
“built-in” safety factor... the extra-ability 
to withstand highest torque without break- 
age...helps end annoying slowdowns, 
excessive rejects, assures rugged depend- 
able fastenings in the plant—in shipment— 
and in the field. P-K Self-tapping Screws 
are available in a wide variety of types, 
sizes and head styles for use in steel, non- 
ferrous metals, compositions, wood, plastic 
and many other applications. 


PARKER-KALON 


Sold everywhere through leading 
Industrial Supply Distributors. 
PARKER-KALON DIVISION, General American Transportation Cor 
poration, Clifton, New Jersey, Manufacturers of Self-tapping 
Screws, Socket Screws, Screwnails, Masonry Nails, Wing Nuts 

and Thumb Screws 
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YOU GET 33 TIMES THE ADJUSTABILITY 


WITH BOURNS POTENTIOMETERS! 
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d co onc gle-turn rotary om 
b Bourn on a 33:1 im m 
ng 9 of rc n in d of 270°, Bourns potentiom 
mplify and d up the adjustment or balancing of circu 
u can eat a ng quickly and easily 
gs virtu mmune to shock, vibration and acc ction 
y action of provides inherent stability. The rigid 
ounted Cc n by a threaded stain n 
actuated by yo crewd No need to recheck ettings afte 
a lock-nu ghtened. There isn't any lock-nu 
h printed circuit pins, solder lugs, or stranded insulated lead 
BouURNS 
Laboratories, Inc. 
P.O. Box 2112-B * Riverside, California 
ORIGINATORS © OTR T® 
Or O OMETER TRA OR POSITIO AND ACCELERATION 
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General Electric’s... 


STANDARD TREATMENTS FOR 
_ DRY-TYPE TRANSFORMERS HELP 
YOU DESIGN FOR LOWER COSTS 


GENERAL ELECTRIC’S 
10 STANDARD TREATMENTS 


TREATMENT TREATMENT PROCESS 
CATEGORY PURPOSE AVAILABLE 


Impregnations Used to Varnish pressure-vacuum 
acquire Polyester pressure-vacuum 
greater Low viscosity epoxy polyester 
dielectric vacuum dip 
strength Epoxy dip 

Varnish dip 


Encapsulations Used to Epoxy polyester atmospheric dip 
acquire Silicone rubber vacuum dip 
environmental Epoxy dip 
protection 


Used when Epoxy polyester (Class A) 
strain- Silicone rubber (Class B) 
sensitive 

cores allow 

only coil 

treatment 





With these 10 standard G-E treating processes, you can 


economically solve practically any commercial or military 
dielectric and environmental transformer requirements 


You deserve to know the transformers you specify are the ing of transformers with pressure hoses, solvents, and alkalis 
best, the most economical for your design. That’s why Gen- 


@ they can be used to provide smaller, lighter-weight tra 
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esses tO Cn a R special dielectric strength where temperature and humidity requirements are critical. 
and environmental protection requirements. These 10 , 4 . \ 
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is ‘ free, surge-resistant performance; increased mechanical pr 
your special requirements. As a result, you save money and : nas mee ais . , : 
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No matter what your specific design requirements may be, 
it rill ¢ iy vo { nvestiga h W these Ss é N é 
Here are some of the design problems these 10 STANDARD yaaa gr jasrelaendibeartdbinsne-ceaydii : 10 St AND ARD 





treatments can help you solve: yeneral Electric treatments for transformers c n help you 

; , ; solve your design problems. Contact your nearest G-E Appa- 
@ they ores DE usé at provide dry-type transtormers vith the itus Sales Office now to see how General Electric can help 
same NEMA and ASA imy ilse and voltage levels as com vou cut costs. Or write to General Electric Cor nv. Sec- 
parable liquid-filled transformers to reduce size and weight tion 412-3. Fort Wayne. Indiana, briefly desc ne 
@ they can be used to provide protection during the cl 
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Cycolac can work design wonders for you. 
Extensively used in a host of end-use products 
similar to those illustrated here, Cycolac can 
help you design finer, more attractive-looking 
products—premium quality merchandise that 
stresses sturdiness, easier assembly, faster 
production and lower costs. Yes, to design it 
with full assurance, specify Cycolac. 





HIGH-IMPACT THERMC 


...molded parts, extruded profiles, 
calendered sheets. 


This family of single uniform resins provides a 
unique balance of properties, permitting fast 
molding, calendering and extruding. 

It is economical to form Cycolac 
press-polished sheets by vacuum, air-pressure, 
or mechanical methods over inexpensive 
molds of wood, plaster, aluminum, etc. 


Write for latest ted 
PACESETTER IN 





§ Division of BORG WARNER * Gary, Indiana 
ar 1 Tete) also represented by: 


CHEMICAL WEST COAST: Harwick Standard Chemical Co., Les Angeles, Cal. 
fe ae CANADA: Dillons Chemical Co. Lid., Montreal & Toronto 
SYNTHETIC RESINS 


EXPORT: British Anchor Chemical Corp., New York 
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SOLUTION TO COMPLEX COMPUTING PROBLEMS are among 
Librascope’s accomplishments as represented by a formidable array of computing equip- 
ment. Our selection of the most effective computing solution to meet a problem is based 
on twenty years of experience gained in the development and manufacture of mechanical, 
electrical, electronic and magnetic computing devices. Computers for both military 


and commercial purposes are developed and manufactured by Librascope. Inquiries on IBRASCOPE 


computing control problems are welcome. 


Engineers capable of significant contributions are invited to write Glen Seltzer, Employment Manager. Sy sit 
RASCOPE, INCORPORATE L * 8BO8 WESTERN AVENUE - GLENDALE, CALIFORNIA 
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ACTUAL SIZE 





Magnetic Metals Company mass-produces 
highest quality magnetic core laminations 
Standard wbinitre lamination dei for sub-miniature transformers 


t Magnetic Met Cx 





Electronic and transistor-coupled Engineers specially 


ginee ec Skilled S 
amplifiers are now required in many field supervise all phases « duc- 
. , which lanen 
compact assemblies which depend ( sing dern, accurate testing 
non xtremely ra]] T n<ctorme . 
ul ql extremel\ SMali transformers fac est C rethec aracte stics 
eing available. Designer f such | 
being avallaDdie. Vesig S OF sucl id c lit f the shipped parts 
transformers, seeking highly con- ‘. 1, " ae bat 

" : which are mechanically and mag- 
centrated core performance, specify 


netically the best available 


magnetic core laminations having 





a ing Laat licting cnhcminia- 
mechanical precision as well as \ data sheet listing sub-1 _ 
superior electrical characteristics. ture transformer laminations now 

dpe tei ee ~k is nresented 
Magnetic Metals Company per- 4vallable Irom stock Is presented 
sonnel are long experienced in the in bulletin 58A. You may have a 
Typical transformer units using sub-minia- so ; 
ture magnetic core laminations custom manufacture of laminations. copy upon request. 





TALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 21st ST. » CAMDEN 1, N. J. 
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Silicone-glass laminate forms the cylindrical 
insulating barrier between high and low volt- 
age coils of Westinghouse 750-kva, 3-phase, 
60-cycle, 4160-volt, sealed-in-nitrogen dry- 
type transformer. 


TYPICAL PROPERTIES 
OF SILICONE-GLASS LAMINATES * 








Flexural Strength, psi 
at 25C bY ete os ws es ee 
at 260C after 100 hr at 260C 4,600 
Water Ab percent i * 0.05 
Electric volts /r 
initial 7 » eo i ws 310 
after 200 hr at 260C 27 
after 5000 hr at 260C 1 


Dielectric Constant at 10? cycles 





Condition A 3.70 
Condition Dé ; 3.85 
Dissipation Factor at 10? cycles 
Condition A" <. . « « « « 88028 
Condition D? . . . . . . 0.0084 
* As measured on samples 1/8 inch thick 
As received 


2 After 24 hr immersion in water at 23 C 
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Laminates made by bonding glass cloth with Dow Corning 
silicone resins help improve the design and performance of 
electrical equipment. Silicone-glass laminates have high arc 
resistance, low loss factor, low moisture absorption, and 
they show exceptional retention of properties at high oper- 
ating temperatures. These strong, lightweight laminates 
are easy to fabricate and are machineable. They can be sup- 
plied as tubes, sheets, and punched or molded shapes by 
leading laminators. Write for FREE BOOKLET. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
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NEW! From the Laboratories of General Ceramics 





@ (PARTS MADE OF 301 MOLDING COMPOUND 
3 HAVE RESISTANCE TO HEAT AND MOISTURE 


Strong, lightweight components molded from 
this versatile silicone compound retain excel- 
lent physical and dielectric properties in con- 
tinuous service at 320 C or intermittent serv- 
ice at 820C. Water absorption is in the 
range of 0.1% after 48 hours immersion. 
“301” parts have good resistance to corro- 
sion and will not support fungus growth. 
“301” meets Mil-M-14E—MSI-30. 





The most widely used silicone 
impregnating varnish on the mar- 
ket, Dow Corning 997 Varnish 
retains 50 percent of its dielectric 
strength after aging 4500 hours at 
250 C. Processing times compare 
favorably with those required for 
Class B varnishes. Provides super- 
ior protection against moisture, 
many chemicals and corrosive 
atmospheres. 


“997” VARNISH 
HAS 50 TIMES* 
THE DIELECTRIC 
LIFE OF 

THE BEST 
CLASS B 
VARNISHES 





SILASTIC (silicone rubber) INSULATION 
RESISTS HEAT, MOISTURE, CORROSION 


Wire and cable covered with Silastic?, the 
Dow Corning silicone rubber, withstands 
temperatures from —70 to 250C. Silastic 
provides a flexible, waterproof coating with 
excellent resistance to arcing, ozone, corona. 
Offered by leading wire manufacturers. 





For further information on these products write Dept. 456 
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Another Example of Electronics Progress at Hoffman 


NEW! From the Laboratories of General Ceramics 
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50 MIL O.D. Memory Cores 
for Transistorized 
High Speed Memories 
These new 50 mil O.D. cores are now available in and .015” in height, all with tolerances of 002”. 
General Ceramics S-4, the material that has proven General Ceramics has designed and built special 
so successful in such vitally important systems as equipment for core testing to insure that each unit 
the SAGE computer. Switching time is less than meets established electrical properties. 50 mil O.D. 
one microsecond with 550 ma full drive. At recom- cores are supplied in production quantities in two 
mended operating conditions, the “ONE” output quality levels. Parts are shipped according to MIL 
voltage is greater than 60 millivolts; the “ZERO” Specification 105A toe 0.015 AQL or 6.50 AQL. For 
output voltage is less than 6 millivolts. Cores are complete information on this core write General 
provided in two quality levels, to .015 AQL and to Ceramics Corporation, Keasbey, New Jersey, for 
6.5 AQL. Dimensions are .050” O.D., .030” I.D. Bulletin 326; address Dept. ME. 
Industrial Ceramics for industrial Progress... Since 1906 
. 7, f a 
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+ @ ‘ee f a = 
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PRECISION MAGNETIC “ADVAC” HIGH SOLDERSEAL 
FERRAMIC CORES STEATITES MEMORY PLANES TEMPERATURE SEALS TERMINALS 
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Another Example of Electronics Progress at Hoffman 





ACTUAL 


perating and Storage Tempero- 
ture Range: —65 C to + 150°C 





Lightweight and rugged for airborne applications 
Hoffman . . . leader in silicon semiconductor devices . . . now offers this new line of 
sub-miniature ZENER REFERENCE ELEMENTS, specifically designed to maintain a constant 
DC voltage level under extreme Temperature, Shock and Vibration conditions. This new 
P light weight . . . 8 grams . . . “Circuit commander” is ideal for use in applications demanding a stable 
and reliable voltage reference . . . in a case designed for miniaturized and printed circuit mounting. 
Types INI530 and INI530A are available from stock to specifications per the chart above. 
Write for complete information, Technical Bulletin T!B 28-58. 


H ff LEADER IN DIFFUSED JUNCTION SILICON SEMICONDUCTORS 


Electronics a! 
CORPORATION 


SEMICONDUCTOR DIVISION 
930 Pitner Avenve + Evanston, Ill. _, silicon Silic 


Zener Power 


Regulators ‘Diodes Silicon Micro-Miniature (Glass) Diodes 
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Cutler-Hammer presents 


ULTRAFLEX ...the spectacular 


STALL PUWER 


RAFLEX « Mf 100 hp: 





FLECTRICAL MANUFACTURING 





Cutler-Hammer Ultraflex Packaged Drives 


provide outstanding savings in 


installation, operation, and maintenance 





Ultraflex Adjustable Speed Packaged Drives offer 
new opportunities for quick, cost-cutting installa- 
tions. 


Light, compact static power conversion 
components have replaced the conventional m-g 
set resulting in substantial savings in size and 
weight. Ultraflex Packaged Drives save up to 50% 
in valuable floor area . up to 75% in weight 
permitting rapid installation or rearrangement of 
production machinery without special handling 
equipment or floor loading preparations. Also, 
Ultraflex units require no balancing or alignment 
attention during installation. 

Ultraflex Adjustable Speed Packaged Drives 
provide a new high standard of operational effi- 
ciency, ultra-responsive speed control, and ultra- 
precise speed regulation. No special A-c power 
supply is required and the exclusive Ultraflex static 
power conversion systems guarantee greater eff- 
ciency than ever possible with conventional drives. 
Further, every Ultraflex Packaged Drive works 
perfectly without forced ventilation which means 
less power is consumed as unwanted heat. Also, 
Ultraflex Packaged Drives are noise and vibra- 
tion free. 

Dependable, maintenance-free 
performance is one of the outstand- 
ing achievements of the all new 
Cutler-Hammer Ultraflex Pack- 
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CUTLER-HAMMER 


CONTROL 





aged Drives. With the Ultraflex static power con- 
version system, there are no bearings to lubricate 
or replace when worn. There are no commutators 
to service, no brushes to replace periodically. There 
are no shafts to align, no couplings to maintain, no 
inertia loads to balance. There are no forced ven- 
tilation fans, no filters to clean or change. Ultraflex 
circuit components are inherently rugged and 
trouble-free. 

Cutler-Hammer Ultraflex Packaged Drives are 
available in two forms... Ultraflex E—the 1 to 40 
hp, low cost electronic type adjustable speed drive 
and Ultraflex M—the 1 to 200 hp, ultra-efficient 
magnetic amplifier type adjustable speed drive. 
Both forms come complete with the Ultraflex con- 
trol unit, heavy-duty D-c drive motor, and opera- 
tor’s control station. Standard Ultraflex Packaged 
Drives provide an 8 : 1 speed range with wider 
ranges available upon request. Cutler-Hammer also 
provides a complete engineering service which will 
custom-design a static powered adjustable speed 
packaged drive to meet your specific requirements. 
Write today on your company letterhead for the 
new descriptive bulletins EN64- 
Ultraflex E and EN65-Ultraflex 
M. CUTLER-HAMMER Ine., 
1264 St. Paul Ave., Milwaukee 1, 
Wisconsin. 











In every -hp- oscilloscope... 
these time-saving features 


® direct reading, high accuracy 
® universal automatic triggering 
® highest performance, easiest to use 
® no “pre-amp” needed with many transducers 


® immediate delivery; see your rep 


dc to 10 MC—$1,100 







Models 150A/AR, world’s 
premier hf oscilloscope. 2+ 
direct reading sweep times; 
sweeps 0.02 wsec/cm to 15 
sec/cm. Plug-in amplifiers for high gain, or 
dual channel use. 150A (cabinet) $1,100.00; 


ISOAR (rack) $1,200.00. 





dc to 300 KC—$650 

7 
Models 130A/BR, sim- 
ilar horiz. and vert. am- “~ 
plifiers, input circuits 
balanced 5 most sens. ranges. Single ended in- 
put ac or dccoupled. | psec/cmto 12.5 sec/cm: 


21 sweep times. 130BR includes x 5 magnifier. 
130A (cabinet) or 130BR (rack) $650.00. 


dc to 200 KC—$435 






Models 120A/AR offer 
outstanding value, low 
price. Automatic trigger, 
15 calibrated sweeps, sweep speed range 1 





psec/em to 0.5 sec/cm, x 5 magnifier. Extra 


rugged, simple to use. 120A (cabinet) or Data subject to change without notice 


120AR (rack) $435.00. Prices f.0.b. factory. 











-hp- accessories extend 
oscilloscope performance 





-hp- 152B Dual Trace Amplifier 
(for 150A/AR) provides dif- 
ferential input and dual traces 
electronically switched be- 
tween A and B channels at 
either 100 KC or on alternate 
sweeps. $250.00. 


-hp- 153A High Gain Amplifiers 
(for 150A/AR) permits 150A 
to be used for direct-from- 
transducer measurements 
without preamplification in 
many cases. Maximum sensi- 
tivity 1 mv/cm. $125.00. 






i 
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-hp- 151A High Gain Amplifier 
(for 150A/AR) offers 5.0 
mv/cm sensitivity, response 
de to 10 MC. 12 calibrated 
ranges. Pass band rise time 
0.035 usec. $200.00. 


= 
a ” 


-hp- AC-21C 50:1 Voltage Di- 
vider Probe for 150A but usa- 
ble with most other ’scopes, 
VTVM's, preamplifiers. 10 
megohms input impedance; 
2.5 wef input capacitance. 

$25.00. 





-hp- 115A Oscilloscope Cart. 
Designed for 150A, fits other 
’scopes. Heavy chromed tube 
steel construction, lightweight. 
Scope shelf tilts 30° in 744° 
increments. 4” rubber tired 
wheels, brakes. $80.00. 


HEWLETT-PACKARD COMPANY 


4656M Page Mill Road « Palo Alto, Calif., U.S.A. 


Cable ‘‘HEWPACK"’ - DAvenport 5-4451 
Field engineers in al! principal creas 








complete coverage in oscilloscopes 
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Wire and fahle Insulated With NuPont TEE-Fluinarne: 





Wire and Cable Insulated With DuPont TFE-Fluoroca 
Reliability... With an Opportunity for Cost Savings 


No time limit on reliability... Extends service life... 
eliminates heat aging reduces chafing and cracking 











In laboratory tests of wire insulation, even after mod- Standard abrasion tests prove that after even mod- 
erate accelerated aging, the TFE resins alone re- erate aging, the abrasion resistance of insulation of 
mained unchanged ...other insulations cracked, TEFLON fluorocarbon resins is superior to that of 
charred, and even disintegrated. all other high-grade wire insulations. 
Heat aging. which results in the cracking and em- Even at tight be e extreme € C 
brittlement of most other high-grade insulations, ts tion of TFE resins preve C y esse 
completely eliminated at temperatures up to 260 ¢ Wires 1 twisted I g is Ze 
by the use of TFE resins e ere exing S Ck e ese 
In lab tests of 7 different wire insulations \ Sta ard tape a tes \ e 

TFE-fluorocarbon resins maintained ar nsulatior erate aging, TFE re e re e e 
resistance above 25,000 ohms per 1,000 feet after vire t I e coeimicie C 
aging period of 500 hours at 150 C. The TFE resins tic Ke Pp spaghet c 

ned their initial value of over 25 milli gy CK Cc 

s per 1,000 feet Tests als cate TFE re Mm 

nside it the elin ( I e iging flex life. Eve extreme empe e e 
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1iown-t e ( ter ce c de reduced D e ge e ce € educe¢ e ce e 
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porary electric € S cc ered. Where bie empe es are hig TF 
e SC e ite c I Cracking 
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EXCELLENT — _— 
| | AFTER HRS. AT 200°C } 
AFTER 500 HRS. AT 150°C } ER 96 V | 






[ 1 | | AFTER 96 HRS. AT 150°C 


1012 } BEFORE AGING | | | 4 
mm Goop - exc.| BEFORE AGING 1 
' LEGEND 

S: on | LEGEND 
j 

g 

= a 

- 6000} 

| 


OHMS 


106 


10¢ 


: 


FAIR 
102 
POOR 
TFE 155°C 105°C HIGH TFE ABRASION 155°C 105°C HIGH 
FLUOROCARBON = (max.senv.) (max senv.) TEMPERATURE FLUOROCARBON RESISTANT (max. seev.)(max.seav.) TEMPERATURE 
RESINS PLASTIC PLASTIC ELASTOMER RESIN PLASTIC ; ELASTOMER 


PLASTIC PLASTIC 


This insert is perforated 
Tear out for handy reference 
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rocarbon Resins Offer Unmatched All Df NP 
ings . | 


. Here are some of the ways you benefit 


Unaffected by lubricants, corrosive 
atmospheres or outdoor weathering 


Plus excellent, highly stable 
electrical properties 
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n mod- Insulation of TFE resin is unaffected by corrosive Where low attenuation and excellent dielectric prop- 
ation of atmospheres, such as those found around this chemi- erties are required such as in this data-processing 
that of cal equipment. Very low permeability reduces danger equipment, TFE resins are unexcelled as wire and 
of shorts caused by splashing. cable insulation. =—_s=Phot © Courtesy IBM Corporation 
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SEE PAGE 4 FOR THE STORY ON COST SAVINGS TO YOU 

















STORY 





LONER RS e oR S ONE Wi Re 


It’s easy to tell which is the insulation of _ ashe CMe dilog 
insulations melt, smoke and char during this simple test. 


No other organic insulating material can match the properties of 


DuPont TFE-fluorocarbon resins. They have virtually ideal 
electrical properties. Their temperature ratings are unsurpassed 
by any other flexible insulation. TFE resins are steadily becom- 
ing more attractive to electrical and electronics engineers for 
economic reasons. 

The two inside pages of this folder show you some of the ways 
you can benefit from the stable characteristics and reliability of 


TFE-fluorocarbon resins. On the back page you will learn how 


TFE resins speed fabrication and aid miniaturization... 


QU POM 


REG Us. PaT.OFF 


at cost savings to you! 





Here’s how Du Pont TFE resins provide 
easier assembly and space savings 


... With cost reductions for you 





IN ASSEMBLY, particularly of tightly spaced 


equipment where there is danger of injuring in- 
sulation, TFE resins are unsurpassed. They are 
unaffected by soldering iron temperatures, thus 
reducing danger of shorts. The insulation will not 
shrink back when soldering a connection. It can 


\ \ 
even be sudmerg 


ed indefinitely without damage 
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DIFFICULT DESIGN PROBLEMS can be solved 


by TFE resins in areas where more power must be 


ransmitted through the same space, such as under- 


’ 


ground wiring in municipalities, or increased power 
for existing structures. Since it is a superior moisture 
and electrical barrier, TFE resin permits design of STANDARD 
wire and cable using less total insulation. Abnormal Bc 


power surges are no problem because of mechanical 





strength and nonflammability of TFE resin at high 


temperatures. 


Use of TFE resins in place of standard insulation in coaxial 


MINIATURIZATION of electrical and electronic cabye permits Space Saving O 


aw ] , 4 + Linge + 
14t 1 and weignt Saving « 
- 


s 
2 to 1. Smaller c¢ 


ductors transmit equivalent power with 


components is made possible by the heat resistance Lege ineashaticun 


and high dielectric strength of TFE resins. For ex- 
ample, they solve the problem of getting more 


me . = ; ' = ~ Tiny F 
ampere turns into a winding. Finer wire can be used, SEND FOR INFORMATION 


. . wer hho »>1] wire na hle sulated th IAN 
so that miniaturized coils are possible. Smaller con- Discover how well wire and cable insulated with Du Pont 
IFE resins help solve your design problems. For further 

ductors transmit the same amount of power with less Aiba Eoits cep Pine 
information, contact a processor of fluorocarbon resins 


nsulation | | sm Oh 1] ual “ *9 t 
. (listed in the Yellow Pages under ‘‘Plastics’’) or write to: 


E. |. DUPONT DE NEMOURS 4 CO. (INC.) 
POLYCHEMICALS DEPARTMENT, ROOM 146 
DUPONT BUILDING, WILMINGTON, DELAWARE 


® 
Y Fe re ; hd In Canada: DuPont Company of Canada (1956) Limited, r 
P. O. Box 660, Montreal, Quebec 


FE - ARE 4 + 





TEFLON is the registered trademark of the Du Pont Company 


for its fluorocarbon resins, including the TFE resins discussed 


herein and the new melt processable FEP resins 
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LEADERSHIP IN AUTOMATIC CONTROLS FOR HEATING e COOLING e REFRIGERATION e APPLIANCES 


Shaping a new age of climate control 


through 


World of today ...and world of 
tomorrow. The two blend so completely 
s : that aggressive manufacturers of 
engineering : | 

original equipment in the heating, 

i cooling, refrigeration and appliance 

i ss fields, working with White-Rodgers, 

. _ vision 

must constantly move ahead to meet 


and build a richer future. 


The key to equipment performance 

will always be Control...and Control 
is our business. White-Rodgers has 
long helped to pioneer the future 
through creative engineering and 
volume production of the finest 
precision controls. We have a reputation 


for imagination... and cooperation. 


i oti 


We'd like to talk with you about your 


needs. Present and future. 


Tee ee ee 
ee Oe ee em 


ae 


“are 
od 


precision temperature 


WHITEV,RODGERS 


St. Louis 6, Missouri + ‘Toronto 8, Canada 


controls for what's 
doing today ...and 


a ? ; 7 ; coming tomorrow. 
Write R. C. Sherer, Vice President... an area engineer is at your service. 
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FOR THE FIRST TIME...ALL IN ONE WIRE! 
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7's PHELPS 


— ‘lays in" easier. 


no damage to copper conductor. 


safer in 
hot varnish solvents. 


uniquely balanced 
properties provide better thermal life. 


Nyleze* is another example of the advanced magnet wires 


MELPS DODGE developed by Phelps Dodge through its Applied Research. 


PARETZE 
MAGNET WIRE 


It is a new combination of materials with highly desirable 


properties for use in such applications as series armatures 





and fields, stators, potted coils, random wound coils, toroids 


é and other difficult winding designs. These properties suggest 

Phelps Dodge magnet wire 
is available in modern possibilities for cost economies and improved designs that 
non-returnable spools, reels 


sacl ace ae result in better operating performance of your equipment. 


*Nyleze is red in color 











, + lom } »} ) } 5 7 TT ‘ ¢ 
Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 


FORT WAYNE. INDIANA 
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Is * special machinery + textile macti Mery e traveling cranes + electro-plating machines « t 







hines « micro-film recorders « bag closers « ref bling machinery + reeling and coiling machines « 















kers ¢ woodworking machinery « conveyors and wire Straightening machinery »* sandbiast equipmen 


tinuous processing equipment « tensile testers « com, ms « drives « oscillographs + printing presses « we 


y 


trols « combines + dry cleaning units + strapping ===" mats « automatic transfer units + screw cutting la 


dis 


insulated wire making machinery « fatigue testing mach,..~ achinery « tufting machines « knitting machiner 


vOS * educational devices « dynamometers + coal cutting (11 eeeneemeemeaeell 


gnilis e gear prinders « spline grinders « can ma 
hinery « extrusion presses « hot coilers « hot saws « power q j 


mes ° bakery ovens » bread coolers » rayon mach 
noulders * box making machines * paper bag converting machin! ; m™ perforating machines » assembly machines » coa 
hines « depositing machines + glass serving machines « hosec f mame fubber cutting machinery « shim selector mact 


rd 


machines « mucro-film recorders « bag closers « reff mbling machinery « reeling and coiling machines 


bx 


packers * woodworking machinery * conveyors ar wire Straightening machinery « sandblast equit 


tinuous processing equipment « tensile testers Botems « drives « oscillographs « printing presses « 
sig 
controls « combines e« dry cleaning units e units « automatic transfer units « rew cuttir 


e insulated wire making machinery « fatigue tt Semeving machinery + tufting machines « knitting mact 
servos « educational devices *« dynamometers memporing mills * gear grinders * spline grinders « can 


machinery « extrusion presses * hotcoilers * hot 





me spoolers « bakery ovens * bread coolers » rayon ma 


' Fawick Magnetic Clutch 
in = —stationary field type 


CLUTCHES AND BRAKES 


\ 
Rs 





Fawick Magnetics are the newest, most advanced electric clutches 
and brakes available. They are suitable for hundreds of 


... your 
applications—on existing machinery as design improvements for 
less-efficient clutches in cases where electric clutches have 
e595 a n swer not been considered and in new, advanced designs 


where compact size and efficiency make them ideal 


to ma ny Fawick Magnetic Clutches and Brakes are particularly suited to 


machines developed through advanced thinking and creative 
engineering. They have a very favorable torque capacity vs. size 
ower ratio. Their performance permits instantaneous starting, 
p rapid acceleration with heavy loads, high cyclic rates. Design 
= = provides for oil or dry operation and excellent heat 
t ra mn sm t SSIO n dissipation. Construction is rugged, making wear negligible and 
minimizing maintenance. Available sizes range from 2” to 13 
in diameter, 36 in.-lbs. to 48,000 in.-lbs. torque capacity. 


problems For more information, get your copy of Bulletin M-101 from 


/ your nearest FAwIck representative or the home office. 






FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 


9919 CLINTON RD. ° CLEVELAND 11, O. 
In Canada, Fawick Canada, LTD., Toronto INDUSTRIAL CLUTCHES AND BRAKES 
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UNRETOUCHED PHOTOS 


DRAMATIC 
PROOF ) 


of DAPON tesin’s 


MELAMINE “A” 


after 10 days 
under test 


DAPON 


after 90 days 
under test 





+ . . . 
outstanding stability POLYESTER “A 
after 18 days 
d h t d h idit under test 
As graphically shown here, Dapon Resin 
does not distort, degrade or discolor under 
long exposure to high heat and humidity. 
This outstanding dimensional stability, POLYESTER “B’ 
coupled with Dapon Resin’s high electrical after 22 days 
properties and chemical stability even under under test 
extreme conditions, may provide the answer 
to your high-temperature high-humidity 
plastics stability problems. 
Dapon Resin is easily compounded with a 
wide variety of mineral and fibrous fillers ile teaitilic Din ean iguanas sd tain aickin tibia 
and has extremely low molding and under normal conditions from commercial polyester, 
, F ‘ fe melamine and DAPON Resin. The cups were half filled 
post-mold shrinkage. And in addition, with tap water and placed in a laboratory oven at a 
D Resi 2 he Ided in a range of constant 212°F temperature, the water being replaced 
apon hesin Can be molded in a range oO daily. The cups were examined at regular intervals 
solid and pastel colors and removed from the oven when they had reached 
; ’ : a the condition shown in the unretouched illustration. 
At your request, a ee a ee ee ee a ee a ee ee a ee ee ee ee ee eee ee ae ee ee ee 
we will be glad to send you i , ; . 
; . Properties Stable, free-flowing white powder e Easy to store, easy to mold, .- 
complete technical data . easy to color e Molded products have excellent surface finish e . 
on Dapon Resin . of Good physical strength e Low moisture absorption e Chemi-  . 
2 20 that wou can ° cally resistant e High-temperature and high-humidity resistance . 
. ° DAPO N’ R . e Outstanding dimensional and chemical stability e Fine elec- . 
investigate this unusual plastic, €sin trical properties even at high-temperature and high-humidity. . 
as the answer to . ‘ 
; a *DAPON Resin is the registered trade name of Food Machinery and Chemical Corporation’s brand 
‘ your specific problems. of diallyl phthalate prepolymer. 


Putting tdeas to. Werk 


FOOD MACHINERY AND CHEMICAL CORPORATION 


oes ag. FMC Organic Chemicals Division 
ANDO CHEMICAL 


CORPORATION 161 EAST 42nd STREET, NEW YORK 17, N. Y. 
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8% More Load-Carrying Capacity! 


Westinghouse 48-Frame Motors Give You 28’, More 
Load-Carrying Capacity Than Ordinary Motors 


Here’s still another case where Westinghouse fhp motors give 
you that “‘something extra’’—the motor feature that makes 
your own product more salable. 

This time it’s a %-inch-diameter bearing where ordinary 





fhp motors are using smaller, )2-inch bearings of the same 
length. It means that the Westinghouse motor’s larger load- 
bearing area gives you a 28‘, edge in load-carrying capacity! 

There are plenty of other advantages to our large-size 
bearing construction, too—for example, bearings wear less, 
last longer; lubrication is better, more uniform on the in- 
creased bearing surface; motor operation is smoother, quieter. 
more vibration-free than you’d ever expect (or get) from 
motors using smaller bearings. 

This is only one of the many competitive advantages that 
Westinghouse motors give your product. For the full story, 
please contact your nearby Westinghouse sales office, or 
write: Westinghouse Electric Corporation, Industrial Motor 
Department, Lima, Ohio, for Bulletin B-7240. 





you CAN BE SURE...1F ITS Westi nghouse 
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Saves 20% on collector ring hubs for ten years with 
RICHARDSON Plastic Laminates 


uw * ~~» 
© 100 yy, 
YEARS OF Ww 
EXPERIENCE V 


KKK 


AND 
racinarion 


t yy 


4, 





RICHARDSON 


PLASTICS 
LAMINATED ond MOLDED 


Collector rings, made of laminated plastic tube stock, manu- 
factured and fabricated to specification by Richardson, have been 
saving the Stearns Electric Corporation 20% per unit for the last 
ten years. Stearns Electric manufactures magnetic clutches, brakes, 
and clutch brakes for electro-magnetic power transmission. They 
also employ laminates for coil forms, brush holders and other 
applications requiring good electrical and mechanical character- 
istics. These are but a few of the many uses in the electrical in- 
dustry for Richardson laminates where good dielectric strength 
and close tolerance machining is required. 

Let us show you the many grades from which to choose for a 
wide range of electrical and or mechanical properties. Selection 
includes sheets, rods, and tubes each available in many sizes, 
thicknesses and properties. Write for the Laminate Catalog today. 
You might also find Bulletin 20 on Copper-clad laminates for 


printed circuitry interesting. 


OFFICES IN PRINCIPAL CITIES 


The RICHARDSON Company 


18 





DEPT. 40 * 2799 LAKE STREET + MELROSE PARK, ILLINOIS 
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Good electrical conductivity or low electrical resist- 
ance of spring materials must be considered in rela- 
tion to working stresses. When springs must carry 
current with a minimum of heating, the copper base 
alloys offer the most logical choice for the spring 
material. But most of these alloys are relatively low 
in strength, and the elastic modulus is low also. 
Since both the strength and modulus affect the de- 
sign, conductivity and stress must be taken into con- 
sideration right at the start. 


This conflict between conductivity and strength may 
be better understood by referring to the bar chart 
Here, the bars to the right of the vertical line show 
the approximate relative tensile strength while the 
bars to the left indicate relative electrical conduc- 
tivity of commonly used materials. 


Design may be affected when 
springs must carry current. 


“YS 





Va Ni 
\ 


Requirements for good conductivity mean generous 
cross sections and low stresses which minimize the 
creep tendency of constantly stressed springs. 


A.S.C. research and experience is at your service in 
all fields of spring usage. Write for your copy of 
‘Spring Design and Selection — in brief.”’ 


CONDUCTIVITY VS. TENSILE STRENGTH 


MUSIC WIRE ......-. 


OIL TEMPERED WIRE. . . 


SPRING BRASS. .... 


BERYLLIUM COPPER. . 


20 


CONDUCTIVITY ... PER CENT OF COPPER 


PHOSPHOR BRONZE . . . TE a 


100,000 200,000 300,000 
TENSILE STRENGTH .. . POUNDS PER SQUARE INCH 


Associated Spring Corporation Ad General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-R Division, Plymouth and Ann Arbor, Mich. 
Gibson Division, Chicago 14, Ill. 


Milwaukee Division, Milwaukee, Wis 


Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 
F. N. Manross and Sons Division, Bristol, Conn. 


San Francisco Sales Office, Saratoga, Calif. 


Seaboard Pacific Division, Gardena, Calif 
Cleveland Sales Office, Cleveland, Ohio 
Dunbar Brothers Division, Bristol, Conn 


Wallace Barnes Steel Division, Bristol, Conn 


Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec 
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No wire enamel attack 
No solvent hazards 
No solvent storage 
No solvent costs 
Superior build 
Excellent bonding 


Motor life test proves high protection. To prove 
comparative resistances to moisture absorption after 
curing, tests to destruction were run on separately im- 
pregnated motors. This test proved that the stator 
which had been impregnated with Ajax Emulsion In- 
sulating Varnish and properly cured, would. not absorb 
any more moisture from the air than a stator which had 
been impregnated with a solvent varnish. The motor 
ran for approximately 3,100 hours before failure due 
to the varnished fabric deteriorating between the coils. 
The usual life of solvent-type varnish in a similarly im- 


pregnated motor is approximately 2 of this value. 


50 


Ordinary tap water thins new 


emulsion varnish, eliminating fire 


hazards and costs of usual solvents 








TEST CONDITIONS 


Type of Motor 
Test Code 
Temperature of Test 


Test Cycle 


Method of Heat Build-up 


} 


2 hp 3-phase, Class A 

A.1E.E. Paper No. 510 

105 C€.(221> F.) 

Heat 5 days 105° C. (221° F.) 
Humidity 2 days 100 F. 100% R.H 


Continuous reversal by means of 
electrically controlled starter 


Average Reversals per day 14,400 


Total hours of 


continuous useful life . . 3,144 


Total number of reversals . 1,425,600 


General Electric Semiconductor News 
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Another SHERWIN-WILLIAMS first! 


AJAX WATER-REDUCIBLE 
EMULSION INSULATING VARNISH 
V6l V28 (formerly V61 VC 69) 


formulations, Sherwin-Wi 
sulating Varnishes open up new savings—and 





Now available in thoroughly proved and tested 
iams Emulsion In- 





iy ping proce dures 
r j , yweuallyv deer 
produce unusually deep 


ition and impregnatior new safety—for electrical equipment makers. 


ee tend 
S. 


nS = Because only common tap water is used as 
? a thinner, costs and hazards of usual solvents 
are eliminated. Ajax Emulsion Insulating 


Varnishes will not burn nor support combustion. 


4 Risks can be reduced, with resultant savings in 
insurance costs as well as in material and 


storage costs. 


Superior build and penetration improve 
protection. Ajax Emulsion Insulating Var 
nishes* produce a superior build-up of film 
as compared with solvent-type finishes, and 

effect unusually deep penetration into the 

interstices of the windings. 

Because the varnishes in liquid form are 


1 


emulsions, not solutions, the film-forming resin 





particles are held ina finely dispersed suspension, 
> 3 a ver : > actuallv soluble j , > sither 
Unique nature of formulation ind never are actually sol I le in water eithe 
yroduces high build-up and re- before or after application. Thus, the cured 
films are at no time subject to attack from 

noisture to any greater degree tl 


mit tliali LOP-GQuall 


solvent-type films. 

Ajax Emulsion Insulating Varnish V61 V 28 
is a Class A varnish tested and approved for 
ise On motors, generators and simi 


tions. It has excellent bond strength and re- 


ivall ible. Wr te for full details ask Io! 
Brochure IN-204. The Sherwin-Williams Co.. 
General Industrial Division, Cleveland 1, Ohio 


In Canada, 2875 Centre St.. Montreal. 


° LiLi© Ol 
~ 


SHERWIN-WILLIAMS 


INSULATING MATERIALS 


ne of the complete L271é 


Emulsion varnish is milky white 





before curing, becomes clear 


amoer cotor after baking. Offices and hranches yneipal cities 
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General Electric Semiconductor News 


New fixed-bed mounting withstands 


Photomicrograph of the transistor showing 


the fixed-bed construction. Critical ele 
ments are like a solid block in their re- 
sistance to impact, with no suspended parts 


to be shaken loose 





os Gk tek Sues The unijunction features open-circuit-stable negative resistance characte 
Prema eT UNIJUNCTION TYPES stics. In switching and oscillator applications. one unijunction not 
sorrel ek Absolute maximum j | wark «¢ : t castors % ss circuitrs I t Cir s also 
lee Re td ratings (25°C) does the work of two transistors with le reultry, but the cult aust 
more stable over a wide temperature range 
350 mw 
lo help you in your use of the unijunction, a new series of curves has 
50 ma . . 
been developed as shown. It points up emitter characteristics at different 
2 amps base-to-base voltages. The unijunction is also the first G-E transistor to be 
Pe end i eens 60 volts converted to the new impact-resistant Fixed-Bed Mounting proces is 
ar a Cae a Ga cate described above 
ale eee dad r Ple ise send tor complete data on the six unijunction types sal ple 


65°C to 
200°C. 


circuits. theory and specifications. 





YOUR G-E SEMICONDUCTOR SALES REPRESENTATIVE will be glad to 
give you further information and specifications on General Electric tran- 
sistors and rectifiers. Spec sheets, bulletins, and other data can also be ob 
tained by writing Section $2068 Semiconductor Products Dept., General 


Electric Company, Electronics Park, Syracuse, N. Y. 











tremendous impact and vibration 





“GOLF CLUB TEST’ General Electric transistors with F 


+h . ¢ on. After tr 
ck full force w . 2 > Afte 


worked pert 


xed-Bed Mounting JACKHAMMER TEST” Another G-E t 


Ceramic disk guards against major causes of transistor failure 
| 


In General Electric's new Fixed-Bed M 


e425 
rt 





New G-E Controlled Rectifier rectifies and 
controls current up to 5S amperes at 300 v. 


ANODE CATHODE 


O 


GATE 


The controlled rectifier is a four-layer silicon 








device with a “gate” to which a signal can be 
applied to control forward current. It can handle 
more than one kw of power 


NEED A FEW SEMICONDUCTORS IN A HURRY? 
Check your local G-E distributor first. You'll find his 
delivery, service facilities and prices are hard to beat. 


I 


high impedar 


t nei 
transis 


Applications ir 


tors and conventional rectifiers. Sample 


are now available. Prices 1] } 


will be sent 


GENERAL @@ ELECTRIC 
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ADMIRAL WHITEHEAD! 
.--DON’T SHOOT 


THERE’S ONLY ONE OF THOSE IN EXISTENCE! 


No need to worry. One more, or a thou- 
sand, of these special Reuland Power 
Packages could be quickly produced. 
The original drawings are permanently 
filed in our famous Special-Motor 
Library. 

Requests for single, specially-de- 
signed, units such as this are almost an 
everyday occurrence at Reuland. Too, 
such orders are more than welcome 
whether there is a possibility of produc- 
tion quantities, or for a prototype only. 

Whether your needs require a special 


MODERN POWER FOR MODERN DAY PRODUCTS 


REULAND MOTORS <i> 


design from the ground up, or a mere 
adaptation...one unit or many... just 
send us a brief resume of your problem. 
Reuland’s “Xpandable” basic motor 
design permits the use of rare imagina- 
tion in tailoring such power packages 
to exact needs...and its competitive 
cost makes it totally unnecessary to 
“make something do” 

Often, we can easily provide a sample 
power package for approval. ..no obli- 
gation, other than to test it to your 
fullest satisfaction. 


THE REULAND POWER PACKAGE 
SHOWN ABOVE is used to power a screw-con 
veyor bag filler. A primary motor (5 h.p., 1800 
R.P.M., foot mounted) turns the screw for 
high-speed filling. After the bag reaches 92% 
of allotted capacity, a 128 R.P.M. Motoreducer 
takes over for final, precision filling. The two 
motors are tied into a magnetic clutch which 
is automatically activated by a weighing scale 
and electrical device 


Our new general catalog will v2) QED 
come in handy. Sent free on SSA 


request. Describes the exclu- aa 
sive Reuland ‘‘Xpandable” wy 
design idea... Tells how you 


can benefit by using our free 
Special-Motor Library. 


REULAND ELECTRIC COMPANY 


Western Division: Alhambra, California 
Eastern Division: Howell, Michigan 


Distributors in all principal cities. 
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“Slinger Action” Circulates Locked-In Lube 


in hoover cartridge bearings 
with dual labyrinth seals 









<3 














Depend on Hoover to design a bearing that not only carries a 
lifetime supply of factory-selected, sealed-in lube, but also cir 
culates the lube so effectively that maximum performance is assured 
for years. Hoover Dual Labyrinth Seals utilize centrifugal force to 
return lube again and again to the working surfaces. There is no 
chance for dirt te enter the bearing. Standard double row bearing 
width design assures extra large lube capacity. Standard bore and 
outside diameters simplify installation and replacement problems 
Shields are easily removed for relubrication or servicing if required 

Hoover Cartridge Bearings are precision made with super smooth 
Hoover Honed Raceways and Micro-Velvet Balls. assuring high 
load capacity, smooth performance, hushed quietness. 


r Honed and M Velvet are Hoover 1 


ln@ouen 


BALL AND BEARING COMPANY 
ANN ARBOR, MICHIGAN 


LOS ANGELES SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 





IN ca ae 
Hoover Ball and Bearing Company Title 
Ann Arbor, Michigan = vi ae — : 
Please send your new Bulletin 104, giving com- saa I once 
plete information on Hoover Cartridge Bearings. Pad a eee 
E wu} | 
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WILCOLATOR SERIES G 
REMOTE BULB THERMOSTATS 
FIT EVERY HEATING 
AND COOLING APPLICATION 





TYPES G1 AND G2 





Single-pole thermostat for heating and cooling applicat § 
Improved, snap-action, vibration-proof control mechanism per- | ve, "3 
ce 
mits much higher ratings than previously available in such a Tat ILA \d 
5 een ; on pa. 
compact unit (2%4 x 1°¢ x 1% in.). Designed for heavy duty ff faa L 
appliances and medium industrial requirements. Type G1 has —— oN 
positive On POsITLO! heater load Type (72 availal le with is \L 4 
“Constant Cool” position (cooler load). Pilot light, dial o iT. b> | 
; p i snap-action sv eee \\ 
pointer, chrome bezel, terminal cover optional. for higher contact ratings. eran . 
Contact Rating: (Type G1) 30 amp, 125 and 250 volts a-c noninductive load | <e 
p ‘ 


Motor Ratings: (Type G2) 120 to 240 volts a-c; running current—14 amp; locked rotor—60 amp ee 
Temp. Range”: O°F min.; 585° F max. ; 


Special temperature ranges can be furnished to meet your requirements 





ELECTRICAL MANUFACTURING 





TYPES G1-A AND G2-A TYPE G4 


(‘ompact. low-cost si gle-pole thermostat to New double-pole thermostat tor heater apphi- 
} l + ’ oan + ] 
both heating and cooling applications. Bull cations. Extremely sensitive hermal 
A 
=\ t I ery i ! { sf sponse. Snap-action contacts are ! 
makes it possible to control several cuits DV vVibratior Positive (tt HOsitlor De- 
ia single dial and te lise P¢ ore sjgned especially for applications whe S] 
han « rie il () is | ed. but whe g . 
Pe “ ol B () ee ~ S 
B i ges, () t ¢ 7 r 
! () | () ! t« ) 
| ( g.’* \ ~ - AMI \ st 
() ) 5 7 
234 x2 






Contact Rating 


25 amp, 125 and 250 


a-c nonincuctive ioad 


S UvuCc 










Contact Rating 
ee ] 2 in oO 
ype GIl-A) 30 amp, +; 










Temp. Ron ge~ 


125 and 250 volts a-c 

















F shatatiie téedl howl! 
noninductive load Ft 
<T & 
TYPE G4-A en 
~ | ne (54 } ; ’ ting s} —— F 
‘ 
- a 
wa ——. Z 
Contact Rating: 25 amp, 125 and 250 volts a-c noninductive load 
Temp. Range*: O F min.; 585 F max. 
WILCOLATOR SERIES G THERMOSTAT APPLICATIONS 
TRIC RA S » ROOM 5 Se T ERS ¢ CLO S DRYERS e SPACE 
; JEATERS 3 S. STERS - ° ST T Se AR S OVENS 
ESTAURANT AF Ss T C NER . 41OTO 


ALL WILCOLATOR THERMOSTATS ARE UL LISTED AND APPROVED 


For more information, write 
t 
oe 13 I’ The Wilcolator Company, 1001 Newark Ave., Elizabeth, N.J. 


COMPANY 





In Canada: Wilcolator (Canada) Ltd., 221 Evans Avenue, Toronto 14, Ont. 


Export Address: Wilcolator, 1010 Schaff Bldg., 1505 Race St., Philadelphia 2, Pa. 
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in operation at Phoenix Products Company, 


Write for descriptive literature. Address Square D Company, 
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Typical application of Adjustable Voltage 
Drive to large metal spinning lathe 


Milwaukee 


ADJUSTABLE VOLTAGE CONTROL 
FOR M-G SETS...Through 400 HP 


Simplified Circuits with rugged heavy-duty contro! 
components. 


Easy Maintenance because standard magnetic start- 
ers, relays and timers are used in combination with 
static regulators. 


3 Types Available « (7) magnetic amplifier exciters 
(2) dry disc exciters (3) rotating exciters. 


Easy to Adjust because centralized “tune-up” ele- 
ments are accessible and readily identified. 


FULLY ELECTRONIC with SIMPLIFIED 
FAIL-SAFE CIRCUITS THROUGHOUT 


Simplified Circuits use less tubes. Fail-safe circuits 
prevent motor runaways. 


Easy Maintenance because sub-panels can be 
quickly removed and replaced. Brain” panel senses 
varying conditions. 


Easy to Adjust with only a few, very accessible 
potentiometers. 


Both types are available in two kinds of con- 
struction—standard package and custom-built. 


4041 North Richards St., Milwaukee 12, Wis. 


EC&M HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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Metal Melting Guide 








How to select cast-in immersion 
Heaters for Metal Melting Applications 


Here is condensed information to help 
you get the most economical electric 
heater for any design problem where 
melting soft metals is a factor. 


General Electric cast-in immersior pe perc 
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TO DETERMINE KW HOURS 
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n lb 1 Po eod lecd 
470°R 5 57 F 7OO°F 5 4 F F 725°F 750°F 
K os K + K o KW Hours 
2 2.6 27 
? 5.2 5.7 
18 20.8 9 20.1 
1 2 2 8 33 35 36.7 5.4 26.9 
2,0 3 3 42.5 46 48.5 50.5 5 37.0 
2,5 46.0 48 5 a 57.0 59.5 49.3 
3,00 52 oC 60.3 61.3 64.6 67.8 : 53.0 56.0 
3,50 60 64 68.5 68.7 72.4 77.0 3 6.0 59.5 63.5 
4,0 67.0 TVs 76.5 76.5 80.7 85.0 94 é 66.5 70.5 
45 75 5 89.0 95.0 - 68.0 7 78.0 
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TABLE I| METAL MELTING DATA 
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DELIVERY TODAY: Popular sizes 
General Electric heaters are 


SPECIAL SAMPLES: Your General Elec- 
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Section C723-27, General Electric Co. 
Schenectady 5, New York 


Please send GEA-5098, melting metals 
and GEA-6113, Selector Guide for Metal 
Melting, and GEC-1005, catalog of G-E 
Heaters and Devices. 
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Plaskon 
wood-filled 


urea 


A LOW-COST, GENERAL-PURPOSE MOLDING COMPOUND 


Wood-filled urea a well-established favorite with European molders Is now being produced 
in the United States by Barrett in all-new facilities. engineered and built to assure a dependable 


-upply of this high-quality thermosetting PLASKON Molding Compound 


\vailable in black and in NEMA and closure brown. wood-filled PLASKON Urea offers many 


molding and end-product benefits found in no other molding compound 


OFFERING MOLDERS: OFFERING END-USERS: 

7. A low-priced quality thermosetting molding compound suitable 1. Color fastness 

for a multitude of ge neral-purpose applications a: Superior electrical properties 

2. Excellent for high-speed automatic operations ivailable 


3. Resistance to common household chemicals 
two plasticity types 


4 Hard. non-electrostatic surfaces 
3. Uniform granulation and bulk for pilling and bulk loadu 


4. Cure rates comparable to cellulose-filled urea 
Wood-filled PLASKON Urea can very likely open the door to more profits. new markets for you! 


For complete technical data and molded samples write today to: 


BARRETT DIVISION, Allied Chemical Corporation. 10 Rector Street. New York ¢ 


+ UREA 
+ MELAMINE Tye 
* ALKYD 

* NYLON 


= hemical 


* INDUSTRIAL RESINS 
* COATING RESINS 
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on a chassis for standard relay rack mounting . . . fin- 
ished in cadmium plate with a protective iridite coating. 





COMPACT, regulated DC power supply 





Looking for a source of regulated de powe has an output impedance which is very low F 


that fits into a little space? If so, then you'll How’s it done? Well. the answer is 


. the So ‘onst Tolt ¢ )¢ ‘owe! | } 
find the Sol Constant Voltag | | nique combination of three components 


\ special Sola Constant Voltage Trans 


You'll also like to know that tl spac former is teamed up with a semiconductor ' 9 . g 
ive! . top pert mer too It’s ieal fo tin nd 


Supply is just what you w 


r “<= 
lea ectiner and a high-capacitance filter. The 
' Adjustable output 
j 4 er Ss electri il characteristics 5 
sie west a catia 
( t of t ivantages of tl 
o l o lif j nile rtually « minat 
n ¢ all tl lisadvantag The resultant 
p} id rt egulated dc power supply is simple, highly 
I} 1c ) S\ ind liable, compact and moderately priced 
Custom-d ns 
produced t c 





MERCURY LAMP TRANSFORMERS FLUORESCENT LAMP BALLASTS 
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DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla 
Electrical Insulation Suppliers, Inc., Atlanta, Ga 


Hanna & Ferguson, Rochester, N. Y 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp 


Chicago, Ill Cleveland, O 
Dayton, O Milwaukee, Wis 
Detroit, Mich Pittsburgh, Pa 


J. F. Kerrigan & Company, Hamden, Conn 
C. D. LaMoree, Berkeley, Calif. 
Los Angeles, Calif 
W.R. Punt Company, Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 
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Vermat is the newest addition to the famous Vartex line of 
cuality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Varnished ‘‘Fiberglas'’* Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “Mylar’’* Polyester Film 
Cable Wrapping Tapes Asbestos Paper and “Mylar’’* Polyester Film 
Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and ‘Mylar’’* Polyester Film 
“VARSIL" Silicone Varnished ‘‘Fiberglas''t Vartex Varnished “Fiberglas’’* and 

Cloth and Tapes “Mylar’’* Polyester Film 


Special combinations available upon request 


* Mylar, Du Pont’s registered trademark *Fiberglos, Owens-Corning Fiberglas registered trademark 
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Applying Reliance V«S Drives in 
Designing Web-fed Equipment 


by: 
C. E. Robinson, E.E. 
Section Manager 


Application Engineering Dept. 





A primary consideration on web-fed equipment is 
to maintain web continuity. If too much tension is 
exerted, the web will stretch or break, causing prod- 
uct imperfection or requiring machine rethreading. 
Too little tension will cause wrinkling or slack pile-up. 


Reliance V*S Drives are ideal for driving and con- 
trolling web-fed processing equipment. Acceleration 
and deceleration rates can be programmed to prevent 
over and under tensioning during speed change, a 
critical condition for web-fed operations. Motor 
operating speeds can be automatically regulated to 
maintain correct tension under any conditions, even 
dead stall. 


STARTING AND STOPPING PROTECTION 

Figure 1 shows a typical operating cycle of a specialty 
printing press. This press prints and die cuts milk 
cartons. Paper stock is fed from a roll, and printing 
is done on a continuous web of paper. 


RATED 

SPEED 

SLOW. 

RUN 

JOG 
© 5 10 15 20 25 30 35 40 45 50 55 60 
FIG. 1 MINUTES 


A 30 hp. V*S Drive powers the press, providing 
speeds from jog and slow-run up to full operating 
speed. Speed changing is stepless and the rate of 
change is carefully regulated by a Reliance VSC 
exciter. The VSC applies voltage gradually to the 
motor, providing preset, automatic, linear accelera- 
tion. This press starts and stops about three times 
an hour. Any tearing or looping of the paper would 
seriously decrease production. The V*S Drive elimi- 
nates this danger. 


TENSION CONTROL DURING OPERATION 

Figure 2 shows a comparison between line speed and 
motor speed on the beamer of a textile slasher. In 
order to prepare the thread for weaving on the loom, 


it is put through a slashing operation. This consists 
of immersing thousands of individual strands in hot 


sizing, and winding them onto a wide roll or beam. 


Circle 


Reliance Electric & Engineering Co. 
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Between the bath and the beamer are delivery rolls 
to tension the threads as they are wound. 


A 5 hp. V*S drives the beamer, keeping unvarying 
tension on the delicate threads. Drive motor speed 
decreases during winding, maintaining constant 
tension as the roll builds. A Reliance VSR Regulator, 
through a feed-back loop, measures and controls 
the current drawn by the motor. As the beam 
builds up, the motor tries to draw more current. 
By keeping the current constant, the motor slows 
down in direct relationship to the build up of the 
beam. The V*S Drive will hold a constant tension 
from start to stop. If a mechanical jam should stop 
the slasher, the VSR will maintain tension even with 
the motor stalled. 


RPM 


rm 
100 


90 
80 
70 
60 
50 
40 
30 





20 
10 


° ° 
0 5 10 15 20 25 30 35 40 45 50 55 60 


FIG. 2 MINUTES 


V*S DRIVE COMPONENTS 

A V«S Drive operates from standard a-c. power lines 
and consists of three basic components: d-c. drive 
motor, packaged motor controls and operator’s con- 
trol station. 


Reliance drive motors change speed over a wide 
range, smoothly and without speed steps. The all 
electric design permits the inclusion of built-in 
dynamic or regenerative braking, giving fast, 
maintenance-free stopping power. 


Motor-generator sets or electronic rectifiers, working 
from plant a-c. power lines, form the nucleus of the 
motor control unit. A series of built-in controls 
regulate voltage and current in the system. With 
these controls, any required combination of speed, 
horsepower, torque and time characteristics are 
produced. 


If you would like further information on how you 
can use V*S Drives when designing your product, 
contact your local Reliance representative, or write 


for Bulletin No. D-2506. 


D- 168 


ELECTRIC AND 
ENGINEERING CO. 


q RELIANCE 


&. Dept. 276-A, Cleveland 17, Ohio 
‘oe Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 








Where low dissipation factor is required! 


Oronite° POLYBUTENES 


are the answer to paper-insulated products 


Oronite Polybutenes used as an impregnating agent in paper wrapped 
high-voltage cable and in oil filled capacitors provide these superior properties: 
low dissipation factor, low coefficient of expansion, and excellent dielectric strength. 


Oronite Polybutenes are available in a wide range of viscosities— 
from 75 to 20,000 S.S.U. at 210° F. In addition to being used “‘as is’, 
Oronite Polybutenes are also used with conventional insulating oils 
to increase viscosities for various electrical applications. 


Oronite Polybutenes are service proven in capacitors and in high-voltage 
underground cables. Contact the Oronite office nearest you for 
the Polybutenes technical bulletin or product samples. 


“nic 


ORONITE CHEMICAL COMPANY 


A CALIFORNIA CHEMICAL COMPANY SUBSIDIARY 
EXECUTIVE OFFICES « 200 Bush Street, San Francisco 20, California 
SALES OFFICES e New York, Boston, Wilmington, Chicago, Cincinnati, Cleveland, Houston, 
Tulsa, Los Angeles, San Francisco, Seattie 


Foreign Affiliate: California Chemical International, Inc., San Francisco, Geneva, Panama 
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PAIRED FOR PRODUCTION, this tandem 4-High Cold Rolling Mill 


processes metal bar into workable sheets—operates at higher speeds to 
match the requirements of other new production machinery 


TEMPER is the assignment 
of this combination strip cleaning. an- 
nealing. pickling and drying-out line 
in the new Chase production facilities. 


ONLY ONE OF ITS KIND, this new Chase PRECISION FINISHING of sheet and strip KEEPING 


Mill has the finest electronic and auto- is produced by this Sendzimir Rolling Mill 
matic controls available, to assure careful assures you of highest quality in your 
control of surface, gauge and quality own finished products. 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 


Atlanta Baltimore Boston Charlotte Chicag Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houst 

























NOT EVEN A PIN-HOLE gets by the 


electronic eve of this quality-control ma- 





\ 





hine. Result—high quality to end 


} 
ejects on vour productior line prote 


Now you get these 9 big advantages from 
ultra-modern facilities at Chase Brass! 


1. You can now buy heavier coils—up to 100 lbs. per inch of width 
in unwelded brass and up to 180 lbs. per inch of width in copper. Longer coils 


: ; . 
match requirements of modern high-speed production equipment in your plant. 


2. You can count on the best surface ever! Special mills now 


used are designed to produc e unrivaled surtace q 


ility in both sheet and strip. 


3. You can be sure of maximum gauge control. U |tra-modern 
electronic and automatic controls protect close-tolerance gauges from end to 


end of every strip. 


4. You're assured better-than-ever annealing! New continuous 
strip annealing and bell-type annealing furnaces protect grain size and surface 


quality far better. 


5. You can rely on delivery matched to your own production-line re- 
quirements! Automation. speeded-up operations. faster output all combine to 


cuarantee quicker quantity deliveries 


Chase # 


BRASS & COPPER CO. 
OUT OF A PICKLE! Controlled WATERBURY 20, CONNECTICUT 


; : SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
inert gas atmosphere in new 


bell-type furnaces eliminates MADE In Us 
need for intermediate pickling 


Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L Philadelphia Pittsburgh Providence Rochester t. an Fran Seattle Waterbury 
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Westinghouse Tri-Pac Breakers 
New Boss of 100,000 Amps 





F Frame LM Frame 


AVAILABLE NOW- 
x Po 15 TO 600 AMPS 





TRI-PAC is the new kind of Westinghouse circuit breaker that 
handles 100,000-amp fault currents with ease. 
TRI-PAC is a triple-package of circuit protection—it combines 


the advantages of thermal and magnetic trips (for 
overloads and moderate faults) with current limiters 
to handle high-value short circuits. 


TRI-PAC is the smallest protective device you can apply 
where 100,000 amps can be poured into faults—for 
example, in network systems and those fed by large 
transiormers. 


TRI-PAC is far less expensive than equivalent air circuit 
breakers—far safer and more convenient than 
switches combined with fusible elements. 





een TRI-PAC is available now, in 100-, 225-, 400- and 600-amp frame 
sizes —all with 100,000-amp interrupting ratings. 


For details on the easy application and low cost of TRI-PAC*, 
please contact your nearby Westinghouse sales office, or write to 
the Westinghouse address shown below for copies of Application 

. Data Bulletin 29-161 and Descriptive Bulletin 29-151. J-30294 
l'rade-Mark 






you CAN BE SURE...1F ITS 


Westinghouse 


STANDARD CONTROL DIVISION 


Beaver, Pennsylvania 
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A 3-Way Money Saver 


G E rd E R AL 1 Lowers Production Costs 
2 Reduces Scrap Losses 
Wide diversification of available metals and shapes. 


7 Finished surfaces. 
; 5. Size range from .025” to 315” wide. 
These advantages, plus expert toolmaking — skilled produc- 
tion people — proper heat treating facilities — efficient delivery 


service make General Plate a dependable source of supply 
for your formed stock needs. 


Let us figure on your 
ic al profile rolled stock 
a requirements if you'll 


send information to help 
us quote, we'll be glad 
to estimate tool and 





3 Reduces Inventories 


Genera! Plate’s profile rolled stock offers new opportu- 
nities to reduce costs in today’s quest for dollar-saving 
methods. Here’s some of the benefits you get from 
General Plate’s profile rolled stock: 





Simplified small parts production. 
Close tolerances in dimensions, contour, and composition. 


oe WwW ho 
















il nd 
¢ cross-sectional sketch of drawing 
and dimensional tolerances 


¢ length of strip and tolerances 


es 


¢ material specifications 
¢ permissible edge curvature and 


flatness 





material costs e suriace finish required 


vithout obligation 








¢ hardness, and 
quantities involved 





> 

eS 

/ 
“4% 


You can profit by using General Plate Profile Rolled Stock. 








METALS « CONTROLS | CORPORATION 


General Plate Division 1906 Forest Street, Attleboro, Mass. 


FIELO OFFICES: NEW YORK ® CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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“straight through” 
dual-sweep 
ventilation eliminates 


“hot spots” 


full height 
end head 


protection 


Mylar 
insulation 


increases mot 


permanently 
numbered leads 
simplify installation 
and maintenance 


*DuPont registered trademark 


»+. at standard motor prices 


R&M Series 254U Motors help pay their own way from the minute 
you flip the switch! They stoutly resist any hostile environment — 
moisture, dirt, heat, acid or alkaline fumes—and so live longer. 
They have push-pull ventilation that won't let dirt settle and keeps 
motor internally cool—and so perform with full, brisk efficiency. 
Their oversize bearings are quick and easy to inspect and relubri- 
cate —so your maintenance costs dwindle. 

This long, trouble-free, vigorous motor life is what R&M means 
by “Premium Performance’—an extra reward in service and 
savings every R&M motor offers. These and other big, money- 
saving advantages shown at left cost no more,..R&M motors 
carry standard motor prices! 

Write today for R&M Bulletin 520-EM! 


Robbins & Myers build motors from 1/200 to 200 horsepoy 


ROBBING ¢ MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
AI™ &e 
{7} ps) 2) ra 


~ 


~ : overs r 


AOYNO PUMPS PROPELLAIR FANS 
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Cuilom pac 


SUB-MINIATURE 
RELAYS 





Constantin’s “custom-packaged” method reduces your 
valuable assembly time and eliminates costly production 
slow downs .. . saves soldering, assembly and multiple 
component procurement time. Constantin’s quality, a 
n-one package is custom designed to your specificat 
heck these important features for standard miniature 
and sub-miniature relay headers 


e Matches printed circuit and standard piug 


en eee tee 
nfigurations 


e Color coding for production wiring and orientat 
Spe al length pins for internal rn inting 


requirements 
e Special notches and cut outs available for easy 
relay mounting 
e Special flange designs available for jering 
and welding 
e Complete selection of studs for variety of chassis 
mounting 
All types of corrosion resistant finishes 
Shapes to match standard and special cans 
Special bracket designs for high shock applications 


Constantin’s exceptional high and consistent quality is 

built into each standard miniature and sub-miniature 

relay header ... meets high shock, vibration, 

corrosion, voltage and insulation resistance tests 

On your next relay header problem — write Constantin 

for your “custom package” solution. ‘ 


QUALITY WITH CONFIDENCE 


ES bor a re 


ENGINEERS 


2 GENERAL OFFICES: ROUTE 4¢ PLANTS: 187 SARGENT AVE ROUTE 46 6TH AND CAPITOL STS 
LOD!I, NEW JERSEY 


LIFTON, N. J LODI. N. J SADOLE BROOK. N. J. 
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Since these motors were first 
introduced they have been the 
key to new design ideas .. . 
ideas to improve products, cut 
costs, and simplify assembly 
and production procedures. 
They can do the same for you! 


Years ahead G-E Form 


cs 


*. 


TC 
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motors designed fo... 











DESIGN IMPROVEMENT 


With General Electric Form G Motors 


Decora Manufacturing Company 


G-E MOTOR CUT PRODUCT 
WEIGHT 33% 

Decora Manufacturing Company set 

out to design 

pressor o- 


a new portable com- 
lighter and more compact 
. intended to deliver a good volume 
of high pressure air. 

The General Electric Form G 3% hp 
motor was a natural—it required 40% 
less space, weighed only half as much 
as the motor they were using, and made 
possible the new model compressor 
Today, weight of the new compressor 
is down 30 pounds. Shipping costs are 
down an average of $1.50 per unit. 
The sleek modern lines of Decora’s 
compressor make it look better and 
sell faster. 


5 ~~» 
} "-\ OLD 
(4 DESIGN 








NEW DESIGN 


Barber-Colman, OVERdoors and Operators Division 





STANDARD G-E MOTOR 
FEATURES CUT COST 12% 


General Electric's Form G motor 
helped Barber-Colman realize a 12% 
savings in manufacturing costs. And 
standard, no-extra-cost features did it 

. G.E.’s all-angle sleeve bearing de- 
sign and the removable cradle base. 


Tests proved that the G-E motor 
could be mounted shaft-down without 
sacrificing lubricating or performance 
qualities, thanks to G.E.’s all-angle 
sleeve bearing. This saved Barber- 
Colman the extra expense of ball- 
bearing motors for this application. 


An extra benefit: In previous Barcol 
Automatic Door Operators, two heavy 
expensive mounting brackets to hold 
the motor had to be manufactured 
and assembled. In today’s design, the 
G-E motor’s removable base is spot- 
welded directly to the operator frame, 
cutting over-all product weight and 
saving on assembly time. 

In all, these advantages meant a defi- 
nite product improvement at a 12% 
cost reduction. 


Sweden Freezer Company 


BEFORE—57 Parts «>= 





FEWER PARTS REDUCE ASSEMBLY TIME 63% 


The photographs above help to show 
the design simplification which the 
G-E motor made possible in the new 
Sweden Speed Juicer. Results: 
Reduced number of parts 50%, from 
57 to 28 pieces. 





ov a NOW—28 Parts 


Nearly doubled production with a 
minimum increase in payroll. 

Cut installation time 63% over the 
previous method. 

Made product more compact, more 
attractive, more dependable. 


Temprite Products Corp. 
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OLD DESIGN NEW DESIGN 


ELIMINATED COSTLY 
MACHINING OPERATION 


A standard General Electric fhp motor 
enabled Temprite Products to cut 
manufacturing costs and simplify the 
design of their “Bantam 100” car- 
bonator pump. 


Temprite was using another manu- 
facturer’s special motor with an in- 
tegral pump mounting. The close tol- 
erances found on all standard Form G 
motors made it possible for them to 
eliminate the costly special motors. 
Reason: Close tolerances let them 
switch to an open, lightweight bracket 
designed by a leading pump manufac- 
turer to fit G.E.’s standard endshield. 
No special machining was required 
because every G-E fhp moior is de- 
signed and manufactured to these 
rigid specifications: 


e Each boss face (shown in “new 
design” above) is cast to 0.01 inch 
wabble relative to the bearing bore. 
e Outside diameter of the pulley end- 
shield is held to 0.004 in. tolerance 
and 0.004/.005 in. on eccentricity. 


Results: Elimination of added cost of 
special motors, a weight reduction of 
over 50%, and a more compact, lower 
cost pump. 














IDEAS 


Red Devil Tools 
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650 SHAKES PER MINUTE 


General Electric Form G motors are 
built to take it . and here's proof! 
This Red Devil paint conditioner op- 
erates at the rate of 650 shakes per 
minute, a severe test for any motor. 
Red Devil engineers looked long and 
hard for the right motor. They re- 
quired small size. Bearings had to be 
extra rugged. Insulation had to be 
able to shrug off vibration. Windings 
had to be bonded to stay. A break- 
down in any of these components 
would cause motor failure and reflect 
on the quality of their machine. 
General Electric’s standard Form G 
motor matched the extra-high quality 
Red Devil demanded. Engineers from 
G.E.’s General Purpose Motor De- 
partment helped in applying the right 
motor, made many test runs, and of- 
fered free engineering assistance both 
in the factory and at the Red Devil 
plant. The result: a high quality, truly 
dependable machine. 


An extra benefit: Red Devil’s cus- 
tomers, like most machine buyers, 
prefer General Electric motors .. . 
and there’s a General Electric small 
motor service station in every part of 
the country ready to give fast, emer- 
gency service. 


A full line of General Electric 
years ahead fhp motors is 
available in the ratings you need 


i 






General Electric offers you prompt delivery om more than 850 basic models. You 
can choose the right motor for your product without buying costly “‘specials."’ 


GENERAL ELECTRIC’S ENGINEERS WILL HELP YOU 
WITH YOUR PRODUCT REDESIGN PROGRAM 


General Electric’s sales engineers are ready to help you lower costs, 
increase the power of your product, or improve its design. Years of 
experience have taught them many “tricks of the trade” which can help 
you meet your product requirements at lower cost. 


Just call your General Electric Apparatus Sales Office. An experienced 
sales engineer will call as soon as possible. And, if your problem 
is especially tough, factory application engineers will be called in, too! 


Why not start a redesign program of your 
product’s drive system today? Call now to 
find out how you can improve your product 

. at a savings! General Electric Company, 


Section 702-68, Schenectady 5, N. Y. CEMERAL GD eLectRic 


Progress /s Our Most /mportant Product 


GENERAL GQ ELECTRIC 








KLIXON THERMOSTATS 


help assure reliability of 
BALLISTIC MISSILES 











Am nunareds i ligntin weignt; they re 

of v juired perature change quickly and with accurate 

ior Dallisti missies repeat perilormance; tne nave 

are several KLIXON capacity to handle heavy electrical 
Hermetically Sealed Thermostats and their calibrations stand up é 
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Combined Analog-D 
Control Systems 


Vore and niore control systems require 


both the “real-time” characteristics of 


analog systems and the computational 
ability of digital computers. The control 
logic can even require computation with 
both analog and digital signals while con- 
verting one form to another. Here are some 


practical hybrid sub-systems for combined 


analog-digital controls 





tion of the svstem will depend on the correct syn¢ hroniza- 


Generalized Hybrid System 


The low-dynamic but high-resolution 
portions of an overall control problem 
solved by a digital sub- 
system, while the 


may best be 
high-dynami¢ real. 
time, continuous, ete requirements 
may be satisfied only by an analog sub- 
-vstem. Data to be interchanged are 


handled by the converters. 


ita 


analog-to-digital converters 
digital-to-analog converters 
multiplication circuits 

sine-function generators 


the “squaring bridge” 


servo divider 
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hybrid components will perform a part in the required 
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arithmetic operations, which in the modern computers is between the sub-svstems analog-to-digital and digital- 


very high. but also by the many “bookkeeping” opera- to-analog converters which enable the individual sub- 
tions which are necessary parts of every digital compute! systems to exchange information with each other must 


= : E therefore receive a great deal of attention. Proper opera- 
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tion of the system will depend on the correct synchroniza- 
tion and scaling of each converter. 

Other requirements may specify a control system which 
uses hybrid components. Two such requirements will be 
mentioned to illustrate this point: 

e Occasionally the computer portion of a control sys- 
tem is physically remote from other parts of the system. 
This condition is encountered where one computing 
facility accepts input information from several different 
for example. a number of radar sets. The de- 
signer must then consider the problem of transmitting 
these inputs to the computer. In most practical situations 
it is easier and more reliable to transmit quantized, or 
digital, information over a noisy information channel. 
If the computations are then to be performed by analog 
techniques, conversion devices must be used to change 
the format of the input and the output signals. In such 
a case a hybrid computer would be applicable. Such a 
computer. using hybrid components, will accept the 
digital information and, at some opportune time during 
the computation, will accomplish the transition to the 
analog format. It is easy to see how such a configuration 
would be more efficient than one which converted first and 
then applied the resulting analog quantities to the inputs 
of a conventional analog machine. 

e A second situation which warrants consideration of 
the hybrid approach is one in which information is to 
be interchanged between an analog control system and 
various indicating and recording devices. The latter are 
sometimes digital in nature in order to reduce reading 
errors in the case of the indicators and for ease of re- 
production in the case of the recording devices. In such 
a system it is more efficient to introduce hybrid com- 
ponents than attach analog-to-digital con- 
verters to the necessary points of the analog system. Such 


sources 


merely to 


Analog-to-Digital Converters 


on- conducting surface 





g surface 


Code-wheel converter of shaft-angle- 


position analog to digital voltage. 





Electronic voltage-to-voltage converter. 
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One 


of the more ingenious methods of performine 


hybrid components will perform a part in the required 
computations while making the appropriate quantities 
available in digital form at their stage in the otherwise 
analog machine. Again, the hybrid approach results in a 
reduced number of components and, as a consequence, 
in a more reliable system. 

These, then, are some of the reasons which justify the 
choice of a hybrid system approach as opposed to the 
more conventional digital or analog instrumentation. 
The remainder of this discussion will consider some of 
the methods which can be used to mechanize hybrid 
control systems. 


Hybrid Hardware 


The first type of hybrid system cited above, that in 
which digital and analog sub-systems are interconnected _ 
to perform independent but related functions, is prac- 
tical only if both the sub-systems and the communica- 
tions channels between them are adequately designed. 
The overall system will certainly be unsatisfactory even 
though the sub-systems are excellently designed if in- 
formation cannot be easily exchanged between them. 
Responsibility for the overall quality of such a system 
therefore rests in large part on the proper choice of con- 
version devices which effect the necessary information 


transfer. A review of the available literature reveals that 
the designer has quite a large number of conversion 
schemes to choose from, both analog-to-digital and 


digital-to-analog. The present discussion will be limited 
to a brief review of those conversion schemes which have 
also lent themselves to extension into the design of actual 
hybrid components. 

To indicate where the converters will fit into this first 
general type of hybrid system, reference is made to Fig. 
1, which indicates how the parts of such a system would 
be related. The low-dynamic requirement portions of the 
overall problem are solved by the digital 
while the high-dynamic requirements are satisfied by the 
analog sub-system. Data to be interchanged between the 
two are handled by the converters. For the sake of this 


sub-system, 


discussion. assume that the digital sub-system handles 
information in a simple binary code, and that a parallel 
format is used. It is easy to see that converters which 
handle other arrangements of digital information can 
also be constructed, using the same principles which 
resulted in those described below. 

Analog-to-Digital Converters. Probably the most 
common type of analog-to-digital converter is the code 
wheel. which finds application where the analog quan- 
tity is in the form of a shaft rotation, as in Fig. 2. Such 
code wheels use either mechanical contacts or light beams 
and photocells to establish a digital representation of the 
degree of rotation of the code-wheel shaft. Step-up or 
step-down gears are frequently employed to increase 
either the resolution or the range of the converter by 
adding more code wheels to provide lower or higher order 
digits. respectively. Other modifications include rearrang- 
ing the code elements on the wheel to produce digital 
numbers proportional to the sine or cosine of the shaft 
rotation angle rather than the angle itself. Code-wheel 
converters accurate to 16 binary digits have been made 
possible and practical by modern photo-etching tech- 
niques. 

An analog-to-digital converter which converts a volt- 
age to a digital number is illustrated in Fig. 3. In this 
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resistors are required in the current-additian network 








Digital-to-Analog Converters 


Shannon decoder” for binary coded serial pulses: (A 


ircuit diagram: ‘(B) wave form of decoding operation 
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(urrent-addition converter 


device. which like the code wheel has been widelv used 


for some time, a closed-loop mechanization uses a digital- 
(discussed below) to convert the 
output of the device back to ar 


to-analog 


digital 


converter 
analog voltage 
Ir put. The dif- 


ference is then used to correct the digital 


l 


and compares this voltage to the analog 
output in a 
difference to 
zero. In general. this type of converter falls into one of 


direction which tends to reduce the analog 


two classes. The first of these. generally used where a 


number of different analo 


+ 


x signals are to be converted 
in sequent e. resets its « ounter before eat h suct essive con- 
version, and increases the count until the error signal 
developed in the comparator is reduced to zero, or to a 
value which is small enough to stop the flow of pulses 


to the counter.* The second type, which is used where 
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\ oltage-addition converter 


; 1 
oniv one analog signa s to be converted continuously, 


continually monitors the 


error. and depending on the 
sign of the error signal, adds or subtracts pulses from 
the output counter, tending always to 


reduce the error 
so that the output will follow the variations of the ana- 


og input. The accuracy with which either of these con- 


transient behaviour of the 


figurations can follow the 
input signals depends 


analog on the speed of the pulse 


senerator. Since this can be 


in the order of megacycles 
per second, it can be seen that such a converter can 


] 
1 ' —s 1 
nandle most processes with bandwidths bejow 


pnvsical 


F/N, where F is the pulse generator frequency and N 





he digital output, 
as determined by the required resolution. 
Digital-to-Analog Converters. The conversion from 
digital to analog quantities is implicit in both of the 
voltage-to-digital conve 


is the maximum nun ( steps int 


rters described above. This con- 


version is generally an open-loop affair. The digital input 


to such a device. consisting of a number of digits which 
: 


assume one or the other rT twe either simultane- 


states. 
ously or serially in time. generally lends itself to conver- 
sion into an analog equivalent more directly and ac- 
curately than the reverse process. There is thus no need 
for the error-correcting feedback which was used by the 


analog-to-digital converters described above. 
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One of the more ingenious methods of performing 
digital-to-analog conversion with a serially arranged 
digital input was proposed by C. E. Shannon of the Bell 
Telephone Laboratories and is shown in Fig. 4A. (3) If 
the R-C network time-constant is adjusted so that the 
charge on the capacitor will decay to exactly 15 its value 
during one inter-pulse period, and if the pulses of the digi- 
tal input are arranged to arrive at the converter with the 
least significant digit first. then the conversion will take 
place as indicated in Fig. 4B. The contribution to the out- 
put from each digit position is equal to 14 raised to a 
power equal to the significance of the digit, times the peak 
amplitude of that pulse. It is. of course, important that 
clipping is accomplished ahead of the converter to ensure 
that all pulses are Thus. in an n-digit 


number. with the pulse amplitudes normalized to unity. 


of equal height. 
the most significant digit will contribute 15 to the output. 
while the least significant digit will add (15)". Obviously. 
this converter can be used only for a binary-coded serial 
number. It is important that the analog voltage be 
sampled exactly one interpulse period after the last. ot 
most significant. pulse position, and also that the pulses 
are added into the converter at properly spaced time 
intervals. For this reason. a tuned circuit is used to govern 
the timing of the circuit. The resonant frequency of this 
circuit is adjusted to equal the pulse repetition frequency 
of the serial information. and pulse addition as well as 
sampling can then be properly sequenced to occur at 
precisely the right time. 

More frequently, the digital-to-analog converters which 
are applicable to the hybrid systems under discussion 
are of the type which operate on digital quantities in 
parallel form. Therefore. these converters must accept 
all digits of the input simultaneously. Three frequently 
used converters of this type are shown schematically in 
6. 7. The device illustrated in Fig. 5 is also known 
as a digital potentiometer, Although the form of actuation 


Figs. 5, 


of this circuit may differ from one version to the next. 
in all converters of this type each digit of the input is 
made to open one switch and short another. Referring to 
the figure. the nth position of the digital input quantity 
controls the switches placed across the resistors whose 


values are 2 


R,. The proportion of the reference volt- 
age which is applied to the output terminal is thus gov- 
erned by the resistors which are shorted out or inserted 
into the circuit. Since the resistors are arranged so that 
each shorted resistor is paired with one of equal value 
which is not shorted, the impedance seen by the reference 
voltage is constant, provided the load impedance is high 
compared to the converter impedance. If the input has 
a sign digit associated with it, this digit controls the 
switching of the reference voltage from one polarity to 
the other so that the analog output will also be bipolar. 
One disadvantage of this converter is the requirement for 
precision resistors of various values. The range of values 
required will be quite large if the input contains a large 
number of digits. 
The circuit of Fig. 6 reduces this difficulty by 
only two values of precision resistors. (4) 


using 
This converter. 
which ean be actuated either by relays or electronically. 
adds equal currents into the evenly spaced junctions of 
the ladder network. The resulting output voltage. as in- 
dicated in the figure. is proportional to one-third of the 
digital input. A further advantage of this converter. in 


addition to the fact that only two values of precisior 


aka i 


resistors are required in the current-addition network. 
is the fact that all of the current sources feed identical 
impedances, and therefore, if electronic actuation is 
desired, the design of all the current sources can be the 
same. 

\ converter which does not have all the advantages 
of the circuit of Fig. 6, but which does take preference 
over the digital potentiometer in some circumstances. 
is the voltage-addition converter shown in Fig. 7. The 
advantages of this circuit are that the source impedan e 
of the output voltage is constant for all configurations 
of the converter, and the circuit can be easily designed 


for electronic actuation. The disadvantages are that th 
resistors making up the voltage addition network will 
be related by powers of 2, and there will have to be as 
many different values as in the digital potentiometer. 
Further. since the various stages of the converter are 
connected to different impedances. the design of eac! 
stage is unique. 

These, then, are some of the more usual converters 
which can be used in the design of those hybrid contro 
systems which contain analog and digital sub-systems. 
There are any number of variations of. and many addi 
tions to. the conversion schemes discussed here. The 
reason for mentioning these in particular is that some 
work has been done in modifying them to produce hy- 
brid components as discussed below. 

Accuracy of Conversion. In all of the digital-to- 
analog converters mentioned, the accuracy of conversio! 
is absolute as far as the actuation of the converter is 
concerned, That is to say. the circuitry is such that any 
input will cause the circuit to be arranged in a manner 
which uniquely defines the quantized value of the input 
It must be 


sistor and 


noted, however. that the limitations of re 


i 


reference voltage accuracies impose very 


definite bounds on the absolute accuracy of the analog 
Thus. 
although the resolution of the input may be quite high. 


outputs which can be attained by these devices. 


the analog output cannot be expected to represent the 
digital quantity to better than about one part in a thou- 
sand. Since this is also the order of accuracy of most 
analog control systems and computers, it is not a severe 


limitation to the usefulness of the converters. However. 
this limitation should be borne in mind in the design of 
an overall system. It is both ineflicient and expensive to 
design those digital portions of a hybrid machine that 
communicate with the analog portions for higher accu- 
than can be 


racies and resolutions 


utilized by the 
analog circuits. For example. while a 16-bit format may 
be required in the arithmetic operations of the digital 
system in order to solve certain relations with sufficient 
accuracy, when the solutions are to be transferred into 
the analog portion of the control system only ten of these 
bits need to be converted. This represents a resolution 
of one part in 1024, and is the maximum amount of 
information which can be accepted by most analog svs- 
tems. In a situation of this sort it is not necessarily the 
least significant digits of the digital quantity which are 
discarded. If the analog system operates only on incre- 
mental quantities, or on certain parameter changes. then 
the most significant positions may be discarded before 
conversion. since they may not affect the analog compu- 
tations. 

described 


The hybrid components which have been 


so far generally find application in those control sys- 
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f establishing the constant current sources. However, by the digital input to a control system represents cular 
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variable analog voltage rather than the fixed reference. or cosine tunctions of this angie is the i frequent re- 
the desired multipheation of analog and digital quan- quirement Here is a case where the normal procedure 
tities can be obtained. A typi al configuration of this would be quite tedious It would require the conversion 
latter multiplier is shown in Fig. 8. of the digital variable to an analog voltage. the necessary 
\ less trivial pr yblem is the one which requires the instrumentation tor converting this voltage to a shatt 
iltiplication of two digital quantities prior to other position of a sine-potentiometer, and then the application 
inalog operations in the system. This can be accom- ol a properly st aled reference voltage to th terminalis ol 
pl shed by cascading two of the converters of Fig. 6 that pot. 

o is shown in Fig. 9. The first of the converters will use By modifying the digital potentiometer. on the other 
i fixed reference voltage to establish the constant cur- hand. these operations can be consolidated into one 
rents which are added in its ladder network. The analog component. The basic circuit shown in Fig. 5 accom- 
sutput of this circuit will then establish the reference plishes the conversion from a binary-coded digitai input 

° for the second converter s current eenerators. In practice. to a series of linearly related discrete relationships be- 


I 
it is generally desirable to introduce an operational tween the output voltage and the reference input. Actually. 
umplifier between the output of the first unit and the if course. the reference consists of the difference between 


reference terminals of the second one. This is esper ially two voltages. one of these being in the eneral case 
true if. as may sometimes be the case. the output of the 
first converter is to provide the voltage source for a 
voltage-addition converter in the second part ol the cir- 
cuit. In that case, a source impedance is required which 
is very low with respect to the lowest impedance point 


of the binarv-weighted resistance network used in the 
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Sine-Function Generator 





Ra 


Straight-line approxima- 
tions to a sine function. 


zero. or ground, The possibility exists, however, that the 
second voltage need not be zero, but could in fact assume 
any value whatsoever. The action of the circuit can then 
be described as establishing discrete steps of output lying 
somewhere along a straight line which connects the two 
reference voltages, the exact level at any instant being 
defined by the digital input. The procedure, then, is to 
approximate the sine. or cosine. function to the desired 
accuracy by a series of straight lines. The maximum num- 
ber of lines which may be chosen is 2"—1, since the 
digital input defines 2" discrete points. However. for most 
well-behaved functions such as the sine and cosine, a 
much smaller number of straight lines will usually yield 
a satisfactory accuracy. 

Now. if the digital input actuates an auxiliary network 
in addition to the switches of Fig. 5. the reference volt- 
ages at both ends of the potentiometer can be made to 
fall on the 


approximations, 


intersections of the chosen straight-line 
This is quite analogous to the loading 
continuous 


of a linear 


potentiometer for generating 
non-linear functions. The main difference here is that the 
actuating signal, which is digital. also serves to establish 
the discrete voltage values between which the linear por- 
tions of the potentiometer operate. An example of such 
i hybrid function generator has been worked out for 
the simple case where a four-digit input describes an 
angle varying from 0 to 90 deg. and where the sine 
function in this range is to be developed. Figure 10 shows 
the actual sine function and the straight-line approxima- 
tions that were selected. Since the actual function is 
quite linear for small angles, it is possible to use a 
fairly large linear segment to approximate the curve in 
the region from 0 to about 45 deg. A total of four line 
segments was used altogether. 

From Fig. 10 it can be seen that a scale-factor adjust- 
ment was required, since the maximum value of the 
approximated function cannot equal the reference voltage 
but is, instead, related to it by the slope of the first line 
segment. The resulting quantized analog output is shown 


n Fig. J1A. with the desired sine function superimposed 


$4 








\) Approximation to the quantized sine 
function; (B) exact quantized sine output 
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Hybrid -ine-potentiometer cireuit 


as a dashed line to indicate the disere pancies i troduced 
by this approximate method. It can be seen that even with 
only a four-digit input, and with only the four line seg- 
ments chosen, the approximation is not very different 
from an output which would result from a_ discrete 
evaluation of the sine function at every one of the six- 
teen possible values of the input angle and unique 
output at each of these values.+ The output of this latter 
more exact (but less practical) circuit is shown in Fig. 


11B. The cireuit which produces the approximated func- 


eae na 








tion is shown in Fig. 12. As indicated in this figure 


four-pole relays are adequate to make up this circuit 


' : : ‘6s 
il relays are to be used in the mechanization. With higher 


resolution 


inputs, which must be considered in any prac- 

tical situation. more contacts will be required: however. 
i 

by upplvine the principles of boolean algebra it is ger 


i 


: : 
erally possible to obtain a reasonably simple circuit. 


In order to continue the trigonometric functions into 


the other quad: ints. it is merely necessary to select the 


ippropriate additional straight-line approximations. Pos- 


sibly the main disadvantage of this circuit is that both 


° , i ° 1 
farities of relerence whether fixed or variab 


itage, i 
ire required so that functions of the proper sign can be 
enerated. However, this is true of the more conventional 


function generators also. It is clear that other, reasonably 
we hehaved irbitra functions may be generated in 


necessary to be able to approxi- 
each desired function by 


1 practical number of 


straight-line segments. 


Sampling. A possible means of overcoming the un- 


l 
lesirably large numbe I relay conta s required by most 
practical functions t enerated in the above manner 
is the use of electronic switching. This would almost 
erta require eral n a sampling basis. however. 
. t elect! I s { g tunctions demanded b 
this t t circuitry ere neither switch contact is 
t fixed potential) is difficult to achieve on a « 
tinuous isis. O { er ha it is quite easy to 
duplicate the functions of the relay contacts with diode 
e nes AISEC isis. as dicat in Fig. 13. A 
I er f <a red =¢ erat s 
erent } the fa at. the sutput f the circuit of 
12 will assume a aeter! ite transient value wher 
eve e digital input inves ! alue to the next 
This uppens because tl yperating times of the relays 
t lentical. and since all relays have release times 
ire different 1 their operating times. It is there- 
re advisable to permit changes in the input to occur 


i it certain fixed times. and to sample the output at 


some interval after these times so that anv transients 
had time to die out. It is then a logical step 


from a sampled relay component to the elec- 


tr pulse-actuated sampled circuit of Fig. 13. 


The ‘Squaring Bridge.” Still other types of hybrid 


components can be assembled by using the digital po- 
tentiometer in many of the computing circuits which were 


nally developed for use in analog computers. Two 
such circuits will be described to indicate the method of 


appli ition. A 


elementary 


' 
number ofl 


circuits are used to solve 


relatior snips i analog systems by intercon- 


I 


necting a number of preci-ion potentiometers whose shaft 
ingles or whose output resistance represent the variables 
of the problem to be solved. Typical circuits are the so- 
iled “squaring bridge” and the servo divider. 


The squaring bridge can be used to solve the 


variations thereof. This party ular circuit takes ad- 
antage of the relationships developed in Fig. 14, which 


also illustrates how such a circuit is assembled in the 
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Sampling Circuit 


Det 
¢ i 
ganesh 
oT. > . Ze 
, 4 
aa 
y a 
Fede 
" ¥ 
bh 3 
) y 
+ 
J 
4 
; 
4 E 
} 
, , 
¥ + J 
t 4 
+ * > 
; ; 
+ I 
a 
= * > 
: 
T 
I 
I 
4 3 4 
] } + ' 
y «py Sampled digi po I 
s > 
F.) 
dinary analo is¢ It ~ i noted that the lliing 
servo shown in the figure need not be limited to driving 
the a potentiometer. It may as readily solve for the 
variable b or il either xt the other pairs ot parameters 
| 





are known. More vari mav also be added to the 


problem if. for example. a three-dimensional rather than 
i plane problem 1s t t solved 
If the linear potentiometers are now replaced with the 


can be used as the input variables. Of course. since the 
nulling servo still drives a motor shaft. the solution is 
position, and thus an analog 
utput results. If a digital output is desired. a code wheel 
attached to the yutput shaft. If. on the other 
hand. it is desired to eliminate the electromechanical 
nulling servo, it is possible to balance the bridge with a 
effect. converts the 
a digital 


number and controls the resistance of the digital “‘answer 


digital device. The circuit now, in 


analog error voltage of the bridge circuit t 

that number. Such an arrangement 
is shown in Fig. 15. Here the comparator. gate and coun- 
identical to the components used in the analog- 


to-digital converter of Fig. 3. The feedback of the error 


pot” on the basis of 
ter are 
signal is implicit in the bridge unbalance which is the 
input to the comparator. The number stored in the counter 
is used to control the resistance value of the digital pot, 
the number in 


and when a null condition is achieved. 


the counter represents the solution to the problem. If 


an analog output is to be ybtained, one of the digital- 
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The “Squaring Bridge” 


ok A Analog 


to-analog converters described previously must be con- 
nected to the counter. 

Servo Divider. The usual form of the servo divider 
is shown in Fig. 16, which also shows the equations 
eoverning its operation. If the variable Q is replaced by 
a digital number. a hybrid component which will solve 
the division problem can be assembled merely by re- 
placing the continuous potentiometer controlled by Q with 
a digital potentiometer. The operation of the circuit is 
the same as before. and an analog quantity can thus be 


divided by a digital number to yield an analog quotient. 


Servo Divider 


—_——_/_» 
~Lo 
' 

Analog-output servo divider. Poten 


tiometer can be analog or digital. 





eames SHH TS 


squaring bridge. 





Digitized squaring bridge 


None of the circuits discussed embodies any new prin- 
ciples or concepts. They are. however, methods of using 
standard circuits and techniques in useful and rather 
unusual combinations to perform hybrid computing func- 
This field is still its these 


ponents are by no means a comprehensive representation 


tions. in infancy. and com- 
of all possible configurations. Each hybrid control system 
generates its own peculiar requirements for circuits of 
this type. [he circuits which have been described here 
were found to be of use in a coordinate navigation com- 
puter in which range and azimuth position and altitude, 
all available digital to be to 


geographic coordinates of the target. Other computers 


in form. were converted 
and control systems may use these or other components. 


In 


instrumentation intermix. however. the use of such hvbrid 


each case where analog and digital parameters and 


components will result in a more efficient. simpler and 


therefore more reliable system. 
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hammer-milled into fine platelet particles. Table I shows 
the basic glass flake characteristics. 


Kraft-Based Glass-Flake Paper 


Glass-flake paper has been produced using various 
types of pulp as bonding media. As the percentage of 
flake in the sheet is increased. there is a corresponding 
increase in the dielectric strength. since each flake is in 
itself a dielectric barrier. A multitude of flakes inter- 
stacked forms a continuous dielectric barrier. 

An investigation was recently made to determine the 
optimum amount of flake necessary to give the greatest 
dielectric properties. The flake used in all of these tests 
was 0.00020 in. thick. random size and untreated. A 5- 
mil base sheet was selected as the standard. The sheets 
ranged in flake percentages as follows: zero (used as 
control and a basis for comparison). 5, 10, 15, 25, 50. 
75. 90 and 95 per cent. 

The dielectric strengins of the uncoated sheets in 
varying percentages are shown in Fig. 1. The samples 
were conditioned for 72 hr at 72 F and 50 per cent RH. 
The voltage was applied to 14-in. brass electrodes at a 
rate of 500 volts per sec at power frequency. 

Experience has demonstrated that the physical prop- 
erties of the uncoated sheet are sufficient to allow it to 
be coated on conventional tower coating equipment. \s 
the percentage of flake is increased. however. physical 
properties. such as tensile and tear strengths, decrease. 
This is attributed to the absence of any inherent me- 
chanical bond between the flakes. When the percentage of 
flake is very high there is only a small quantity of pulp 
present to achieve this bond. 

The tensile strengths of all the samples were measured 
on an Instron tester. The results are shown in Fig. 2. 
The tear strengths are shown in Fig. 3. 

For standardization purposes all coated samples were 
coated with a yellow baking varnish. Tests were per- 
formed to determine typical dielectric and physical prop- 
erties on coated glass-flake papers. The dielectric strengths 
of the coated samples (Fig. 4) clearly illustrate the effect 
of increased glass content on this property. 

For wet dielectric strength evaluations the specimens 
were prepared by conditioning for 96 hr at 23 C ambient 
temperature and 96 per cent RH. Samples were then sub- 
jected to the short-time dielectric breakdown tests. Re- 
sults are shown in Fig. 5. 

Although the dielectric constant of the base flake 
(Table I) is 6.43 at 1 me. the dielectric constant of the 
coated glass-flake paper is considerably lower. The com- 
bination of pulp and glass results in a compound with 
differing conductivities and constants. Interfacial polar- 
ization takes place at the boundaries. The dielectric con- 
stant of cellulose is affected by the interfacial polarization 
due to water and dissolved salts in the structure. It should 
be noted that the dielectric constant decreases as the per- 
centage of flake increases. This holds true until the sheet 
approaches 60 per cent glass flake. As the percentages 
of pulp decrease to the point that the interfaces between 
the pulp and the flake are at a minimum, we observe an 
increase in dielectric constant (see Fig. 6). The dissipa- 
tion factor (Fig. 7) decreased as the percentage of glass 
increased. Likewise the loss factor (Fig. 8) decreased as 
the glass content increased. The physical properties of 
the coated specimens were evaluated in the same manner 
as the uncoated specimens (see Figs. 9 and 10). 
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Flake Thickness Study 


Dielectric strength of flake sheets is affected by several 
factors, among which is flake thickness. As an example, a 
!-mil sheet contains a maximum of 20 layers of 0.00020 
in. thick flake. 50 layers of 0.00008 in. thick flake and 
130 layers of 0.00003 in. thick flake. With a greater 
number of layers we have a structure that can be com- 
pressed into a dense mass if the bonding medium is prop- 
erly prepared. Test data indicate that flake thickness 
does not have as much effect on dielectric strength as does 
the pulp freeness. This supports the theory that density 
of the sheets is controlled to a great extent by the for- 
mulation of the ingredient that bonds the flakes and lay- 
ers of flakes. The theory is further substantiated by the 
tensile strength data obtained. Regardless of the type of 
pulp or beater time. the 0.00008-in. flake offers greatest 


Table I—Basic Properties of Glass Flakes" 





Property Values 


0.00003 to 0.00020 


Random, approximately 
% in. in the maximum 


Flake thickness, in. 
Flake size 


dimension 
Density 2.549 
Hardness, Moh scale | 6to7 
Tensile strength, psi | 100,000 
Modulus of elasticity, psi | 11 x 106 
Poisson’s ratio | 0.22 
Dielectric strength, vpm | up to 2800° 


Dielectric constant at 102 cps 6.43 
Dielectric constant at 10° cps | 6.11 





* The glass flakes being corsidered in this discussion are made from 
glasses commonly referred to as “‘C” glass because of its high 
moisture resistance and chemical stability, 


» Dependent upon thickness, type and per cent sizing. 


tensile strength properties to the structure. This is due 
to the greater number of bonding surfaces between flakes 
and layers of flakes. 

The flake thickness appears to be of little significance 
to tear strengths. 


Glassine-Pulp-Bonded Paper 


Experiments were conducted for the purpose of de- 
veloping a bonding medium that would. when combined 
with glass flakes. offer maximum dielectric and physical 
strengths. Preliminary investigations have demonstrated 
that a highly beaten glassine grade pulp offers dielectric 
and physical strengths superior to the other types of 
pulps mentioned. 

Sheets constructed of 90 per cent glass flake combined 
with 10 per cent glassine grade pulp have exhibited di- 
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> Characteristics of uncoated glass-flake kraft-pulp paper sheets 
related to varying percentages of flake: 
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Fig. 1—Dielectric strength (kraft and Fig. 2—Tensile strength Fig. 3—Tear strength 
glassine pulp-based structures com- 
pared) 








to the super g it s tense : gn-temperature in- 
to be on = t — “UR ee st n 2 oS flake 
served y I icts as solut S ~ it syvsten prob 
Since t ems. The glass flakes st pletely ganl 
reased, te Finished insulat s S ide with as small 
I 2s pe cent i proportion of a bonding medium as 5 percent (as with 
glassine pulp provide greater isile stre! sheets glassine pulp). This is a much smaller percentage than 
previousiv made trom 50) per ent flake and o per ent that found other high-temperature insulat n stru 
kraft pulp tures. for example those utilizing asbestos 
Data i Table I] show what car ted tron I 
ited specimens of glass flake with gle Glass-Flake Molding Compounds 
rade pulp. Glass flakes have been successfully incorporated in 
resin for the 1 ling f stand-off insulators. The 
Potential Use as Dielectric Material . i s found to be superior te 
lo summarize. it would be reasonable to assume that that shown by comparable insulators reinforced with 
there are advantages to glass-flake produc ts as dielectric fibrous glass. 
materials. Hot spot temperatures, for example, long an Originally, molded glass-bonded mica insulators were 
important factor in the design of insulation for power replaced by molded glass fiber-polyester insulators be- 
equipment. can be readily dispersed by the use of glass- iuse of lower cost. However. it developed that there 
flake insulations because of the excellent thermal con- was a problem of long term boltage endurance. In an 
ductivity of glass. effort to find a material that would meet this problem 
Serious overloads that might destroy the varnish o1 ind still show favorable economics. a test was developed 
ating on insulations usually will not be hot enough to n which voltage endurance levels and times were in- 


melt the glass within the structure. Glass-flake materials reased until tailure. Glass nber-polyester insulators 


offer not only a space factor advantage but. because of failed at 6 to 10 kv. The lower-cost flake-polyester in- 


Table li—Characteristics of Glass-Flake Glassine-Pulp Papers 





Flake-pulp preportion, per cent Dielectric Tensile Tear 
—_——_ — — strength strength, strength, 
Flake Glassine vpm (max.) Ib/in. width grams 


75 . 800 28.9 ; 45 
85 15 860 18.1 51 
20 10 900 17.7 27 


95 5 1040 15.7 16 
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> Characteristics of aa 
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per sheets against 
varying percentages 
of flake: 
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Fig. 6—Dielectrie constant Fig. 7—Dissipation factor 





Pr e f Pe age f figke ‘ 
Fig. 8—Loss factor Fig. 9—Tensile strength Fig. 10—Tear strength 
sulators bettered the performance by a factor of 2—they Glass-Flake Rigid Laminates 
ste oO 5 re | | ’ . ° . . 
lasted from 15 to 20 ky. : Ph | resin laminates with  glass-flake pape is 
eee ‘port on glass-flake paper* suggests 
An earlier report 1 gla ake paper u t a reinforcement have shown improved properties cot 


transformer and motor appli ations such = slot_ armor. pared to othe laminates. These laminates were made wit! 
segment insulators, and spacers. Experimental tapes. a standard electrical grade phenolic resin and paper con 
produced with various fabrics, yarns, and cellulose posed of 85 per cent flake and 15 per cent glassine pulp 
paper. showed suflicient strength to permit use as wire with a 50 per cent resin ple kup. 
and cable insulation \lthough these laminates were pressed at a compara 
The same source rep rted ar experimental glass-flake tively low pressure of 1000 psi, the dielectric strengt 
capacitor prepared by sandwiching a piece of gilass- was nearly twice that ol phenolic -paper vil phenolic 


> ) » 1 i ) oe ly ee oO al j l ° ° 
. a ) ; i pe 10 ] ee hi : | ee cotton grade laminates and more than twice that of 
electrodes (3 x3 nl neld together by sheet fldss. clamp- polyester glass-mat laminates, The powel tac tor is ap 
ed securely. After drying at -210 C for 24 hr. the speci- 


' proximately one-half that of phenolic paper laminates 
men was evacuated 


and impregnated with silicone oul. and the physic al properties were better. 
The apparent dielec tric constant of the assembly is Since these laminates were made, superior flake papers 
higher than that ihe eee — — employing oe have been developed whic h indi ate that the eles tric a 
oil and glass-fiber paper. This is so because there is more and physical properties of laminates can be still furthe: 


@'ass lea tri GAR 6.5) per a, volume: sage upgraded. (Sen Table IIL.) 
e > < > s : es S og re r cted . . : . 
al tine ame. o1mtlat ; ult mi it exe te with Considerable interest in glass-flake laminates has bee nN 


impregnants such as transformer oil. castor oil. and 


Aroclor 1254. 


shown by the Army Ordnance Corps. Some of the 
reasons that have led to this support of research and 
development contacts—both in the flakes and laminates 
seat ie decosnc E ag! ms are summarized in the box on the next page. 
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Glass-Flake Laminate Research 


Che following considerations have led to a_ research 
ind development program in glass-flake laminates under 
the sponsorship of the Army Ordnance Corps: 

1. The flake construction should produce multidirec- 
tional properties as contrasted to the uni- or bi-diree- 
tional properties of the woven fiber 
effective 


laminates. The 


strength-to-weight ratio would be therefore 


reasons: (a) the cost of weaving is eliminated: and (b 

daily output is greater with flake than with fibers 
6. Another reason for this investigation was the major 

difference between the theoretical 


ascribed to glass and the actual 


inherent strength 
values obtained from 


fibers. It was felt that this difference allowed ample 


room for improvement. 






















| improved. In the ordinary glass-cloth 


laminate. one 7. One advantage not originally considered, but 


half of the glass fibers contribute to the weight but which has later been established to a limited extent. 


they contribute nothing to the strength when a_ uni- is the resistance of flake laminates to penetration by 


axial load is applied to the plane of the laminate. On moisture, chemicals, sunlight or even ballistic particles. 


the other hand, in a flake laminate, each particle of 


Improved resistance seems logically indicated since 


glass which contributes to the weight would also con- 
| tribute to the 


the voids between particles are smaller than for fibers 
strength. In addition, this contribution in a well-prepared laminate) and since the successive | 





would be effective regardless of the direction of the 











pl itelets tend to reinforce those initially attacked. 
° ipplied stress in the plane of the laminate. Test data derived from comparison between glass 
2. With fiber laminates, large voids have to be flake and glass-fiber laminates indicate that the flake 
filled with resin. The cylindrical shape of the glass laminate has three outstanding properties: glass content, 
| results in a minimum area for the resin to bond a stiffness, and low cost. More recent work has shown 
, given volume of glass. Since the strength of the result- that the glass content can be raised to 85 per cent | 
ting sheet is dependent upon the amount of reinforce- by weight without difficulty. This compares with a 
ment contained, it was postulated that with a = glass- maximum of 65 per cent for most types of fiber con- 
flake structure (a) the amount of glass could be increased structions | 
due to the ability of flakes to “pack” more closely and The stiffness of the flake laminate exceeds that of all | 
bi the bonding area could be increased for a com- types of fiber construction except for the unidirectional 
parable volume of glass glass cloth. It has been possible to obtain a 6 million | 
| The closer packing would result in thinner and, psi modulus for flake laminate. Expected cost reductions 
therefore, stronger adhesive bonds should open up many new fields of application. 
since the flakes have less mobility. a_ stiffer While the expected increase in strength has not been | 
| laminate should be obtainable attained, it is possible that better techniques may improve 
The flake should be more economical for two the strength of flake laminate. However, even if improve- 
| ments in strength are not possible, there are applications 
| w here the presently ittainable strengths would be 
cepted in order to get the high moduli. 
| 
| 
Table I!I—Comparative Property Values of Glass-Flake Laminate With Other Typical 
Reinforced Laminate Grades 
Continuous Continuous Continuous Continuous Continuous 
Flake filament filament filament Glass filament Glass Glass filament Kraft Cotton 
Reinforcement paper giasscloth glasscloth glass cioth mat glass cloth mat mat glass cloth paper fabric 
Resin Phenolic Phenolic Melamine Silicone Melamine Epoxy Polyester Flame- Tefion Phenolic Phenolic 
retardant 
Polyester 
NEMA or ASTM Grade G-3 G-5 G-7 G-8 G-10 GPO-1 XXXP cE 
U. S. Military Type-—MIL-P 15037- 997- 18177- 8013B 3115- 15035- 
GMG GSG GEE PBE-P FBG 
AIEE Insulation Classification B B B H B B B B H a a 
Dielectric strength—perpendicular, 1250 600 350 350 300 500 500 500 500 650 350 
Cond. A step x step, vpm short short 
time time 
Dissipation factor, Cond. D24 23 0.012 0.065 0.060 0.008 0.033 0.020 0.020 0.020 0.001 0.027 0.060 
10° cycles 
e Dielectric constant, as rec. (10° cycles 4.6 5.0 7.2 3.4 6.5 5.3 4.5 4.5 2.6 4.2 5.2 
Water absorption, 24 hr, '< inch 0.76 1.50 1.10 0.08 1.79 0.08 0.40 0.40 0.03 0.38 1.0 
thick (percent 
Compressive strength- -flatwise 37 50 70 45 60 50 30 40 20 28 38 
1000 psi 
Flexural strength—lengthwise 22 25 48 30 28 75 18 4 14 21 18 
1000 psi 
izod impact—edgewise (ft Ib in. notch 3.31 8.0 10.0 9.5 6.1 12.0 8.0 14.0 12 0.40 1.6 
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and Generators 


The new NEMA Suggested Standards for Future Design. with latest revision of November 14, 


1957. have already led to production of new lines of d-c machines with improved dynamic 


performance for use in today's variable-voltage drive systems employing unit generators 


matched to driving motors. Mechanical and electrical features are compared with old general- 


purpose designs. 


B. M. EMUNSOWN and A. J. 
D-C Products Department 

RELIANCE Evectrit 
Cleveland 17. Ohio 


WARD 


AND ENGINEERING Co. 


THROUGH RECENTLY REVISED STANDARDS of the National 
Electrical Manufacturers Association. machinery design- 
ers and other industrial users are being offered a newly 
designed, improved line of d-c motors and generators. 
The former general-purpose d-c standards basically were 
set up for motors operating off constant potential d-c bus 
systems. Today. d-c motors are selected for their variable- 
speed characteristics, and most variable-speed drive ap- 
plications depend upon the versatility of individual-gen- 
erator. adjustable-voltage systems. Such drives call for 


wide speed ranges, cv lic al duties and high speeds of Tre- 





Industrial Direct-current Motor 


An industrial direct-current motor is a motor 
having one of the ratings given in MG1-2.06.a (see 
table) and of mechanical construction suitable for 
industrial applications under usual service con- : 
ditions. Unless otherwise specified, it has Class B 
insulation and a drip-proof enclosure. 


NEMA Standard 


revised 6-24-1957. 


MG1-1.06, dated 11-11-1954, 


sponse. Optimum efficiency at rated speed is definitely a 
secondary criterion for today’s industrial d-c motors. as 
well as for a growing number of diesel-electric applica 


tions. 

Phe se demands le d to the 
NI M \ standards on 
(as defined in the box). The essential points of the stand 


NEMA MG1- 


development of newly defined 
industrial d-c motors and generators 
ard defintion for an industrial d-c motor 
1.06) are: 
a. The motor is drip-proof 
b. Its rating falls within the scope of the new rating 
table 
c. It conforms to standard operat characteristics 
and mechanical construction 
d. It is for use under usual service conditions without 
restriction by application. 
D-C machines designed to meet these new concepts 
offer the machinery builder and the ultimate user: 
1. Improved performance 
Extended application; more suitab'e for modern use 
Simplified horsepower ratings 


New mechanical features 


Ut he WW ho 


An integrated line 
6. Improved availability and higher quality control 
7. Smaller space and less weight 

&. Improved engineering design 

All this has added up to greater liberality in design. 
more for the purchaser's money, and simpler and more 
straightforward standards. 

Improved Performance. \lost significant here is 
improved dynamic response—the ability to get up and 
go faster with immediate power. More specifically. it is 
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Standard Horsepower and Speed Ratings for Industrial D-C Motors* 





Base speed, rpm 
Hp at 300% 


Hp at base base speed 3500 2500 1750 1150 850 650 500 400 300 
speed—(See and higher 
note speeds Speed by field weakening, rpm Voltage 
9 65 3000 2600 2000 1600 
Ya 1 3200 3000 2600 2000 1600 
1 1.3 3500 3200 2800 2600 2000 1600 120 
1% 2 4000 4000 3506 3000 2800 2600 2000 1600 and 
2 2.6 4000 4000 3300 3000 2600 2600 2000 1600 1200 240 
3 4 4000 3700 3300 2800 2600 2600 2000 1600 1200 
5 6.5 3700 3700 3000 2800 2600 2400 2000 1600 1200 
7% 10 3500 3500 3000 2800 2600 2400 2000 1600 1200 
10 13 3500 3500 3000 2800 2500 2200 2000 1600 1200 
15 20 3500 3300 3000 2600 2500 2200 2000 1600 1200 
20 26 3500 3300 3000 2600 2400 2200 1800 1600 1200 
25 33 3100 3000 2600 2400 2000 1£90 1600 1200 
30 40 3100 3000 2600 2400 2000 1800 1600 1200 
40 52 3100 2700 2400 2200 2000 1800 1600 1200 
50 65 2700 2400 2200 1800 1800 1600 1200 
60 80 2400 2200 2000 1800 1600 1600 1200 240 
75 100 2400 2200 2000 1800 1600 1600 1200 
100 130 2200 2000 1800 1600 1600 1600 1200 
125 165 2000 2000 1800 1600 1600 1600 1200 
150 200 2000 2000 1800 1600 1600 1600 
200 260 1900 1800 1700 1600 1600 
equa] to 1.15 
4 to 300 
lifer from 
s AS r 
‘ T 2 7 ae 
| 
” se | 








Fig. | Dynamie response of new industrial d-c motors compared to performance of conventional design. 


mproved transient performance, achieved through (] 
lower armature inertias, (2) higher peak torques, (3) 
faster-moving magnetic circuits, and (4) greater acceler- 
ating ability. Figure 1 illustrates graphically the better 
performance available from the new designs. 

[rue response is measured by the ratio of transient 
torque to the total motor and load inertia reflected to the 


motor shaft. In this regard. motor armature inertias 

Fig. 2— 

Flux response 

of new and old 
Higher peak torques are obtained as the result of a d-c motor designs 
contrasted. 


in the new frames are significantly lower per horsepower 
rating. 


higher commutating ability and more efficient use of 
direct-acting flux. Faster electric and magnetic time con- C 


Ux 
urrent 


stants also improve transient performance for dynamic 
response. The NEMA standards of 150 per cent momen- 
tary overload capacity are essentially the same as before. 
except that the standard has been clarified to define 
“momentary” as being one minute, and to make the re- 
quirement apply throughout the rated speed range T 


f 


le 


ormoture < 


inter-p¢ 
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a eo 
A—Old-type brush rigging. The rocker is cast iron, and 
the round steel brush studs are insulated from the rocker. 
Brush boxes are on the outboard end of long arms. 
\ long moment arm results, making rigidity difficult to 
achieve. Brush spring pressure is adjustable, and this 
frequently invites incorrect adjustment. Spacing. align- 
ment and adjustment of this brush rigging is difficult to 
achieve and maintain due to the slotted and circular fits 
between the parts, 





( An old-design armature with considerable difference 


in the core and commutator diameters and large ratio 
Effective banding of the 
coil-to-commutator connections for high speeds is difficult 


of core diameter to core length. 


due to the truncated cone-like surface presented, 


(MG1-2.11.a). However. most motor manufacturers today 
are advertising 175 per cent momentary (and up to 300 
per cent peak) commutating abilities at base speed. 
More efficient use of flux and faster magnetic time 
constants are achieved through various design techniques 
by different manufacturers. These include redesigned in- 
terpoles and main poles. Analysis of flux patterns by the 
principles of fluid dynamics has helped Reliance engi- 
neers to obtain more efficient shapes for pole faces. 
Heavier frames and larger poles for more total flux has 
permitted a reduction in the number of armature con- 
ductors. resulting in a lower armature time constant. 
Minimizing the number of turns in the field coils has 
achieved the same result for the field time constant. 
Lower time constants mean that changes in current and 


torque will occur faster. Since dynamic response has 
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B—New-style brush rigging assembly with a molded, 
insulating rocker. Brush studs are bar steel of rectan 
gular cross-section for maximum cantilever strength and 
rigidity. Brush holders are designed to bring the bearing 
surface of the brush as close to a line under the stud a- 
possible -o as to reduce to a minimum the moment arm 
of the brush holder. 
compression value which by design is constant tor all 


Srush springs have a factory-set 


lengths of brush from new to fully worn. All fit- are 
machined to close tolerances so that alignment and ad 
justment are assured and cannot easily be disturbed in 
the field 





1) -New armature design in which core and commutator 


diameters are almost equal. A “sway-backed™ eylindrical 


surface is presented for an effective job of banding on 


the coilto-commutator connections. This design permit- 


higher maximum armature speeds. Ratio of core diam- 


eter to core length has been reduced to as low as 1:1 


been a fundamental design criterion, more emphasis is 
placed on transient torque. 

For instance. an interpole flux proportional to armature 
current is required for proper commutation: this is 
achieved by connecting the interpole coil in series with 
the armature circuit. Thus, under steady state conditions. 
the interpole ampere-turns, and consequently the inter- 
pole flux. are directly proportional to the armature cur- 
rent. But what of the transient condition where the arma- 
ture current is rapidly increasing or decreasing? The 
reactance of the interpole coil and the hysteresis of the 
interpole magnetic path tend to make the interpole flux 
lag the armature current. This means that the direct ratio 
between the armature current and interpole flux can be 
upset during surges of armature current. and commuta- 


tion can suffer unless special precautions are taken to 
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| (Component 


(, -Assembled main field coil with its armored, 


poles for the 


F.—Old-style field coil 
as spring steel clips, are 


construction, Loose parts, su¢ 

required to prevent movement 
ind vibration of the coil in stockroom 
shelf, suffered 
because was no means for holding them in shape 
The flexible ends of the small 


size wires brought out of the 


service. On the 


storage life of spare coils frequently 
there 
while they were in the bin 
coil were subject to break- 


ige from vibration and mishandling. 





parts of the 


coils and 


ommutating field 


main and 


new Reliance industrial d-e motor line. Both the mai: 


-teel bobbin construction. Coil is tightly held ind commutating field poles are of laminated construction. This i- 
between the flanges of the bobbin so that move- new for interpoles in d-c machines. and results in a magnetically 
ment under magnetic forces is prevented and faster interpole flux for better transient commutation. The stee 


shelf life is indefinitely long. Shunt field coil 


lead= are 


bobbin and 
connected internally to the “terminal coil before assembly 


flange for the main field 
Main field pole 


pole are shown with the field 


bolts are of carbon steel. but 


beard” to eliminate the problem of breaking off the interpole bolts are of non-magnetic stainless steel and are a n 
the fine leads of the shunt field. and important feature of the interpole magnetic design. 
minimize the flux lag. Some of the design “tricks” used in adjustable-speed. general-purpose d-c motors are now 


to improve the “in-phase” relationship between interpol 
flux and armature current under transient conditions in- 
clude use of laminated (instead of solid) interpoles. non- 
magnetic shims between the interpoles and the frame, 
stainless steel bolts to hold the interpoles in place. and a 
minimum number of interpole coil turns. The graph (Fig. 
2) compares the flux response of the old and new designs. 

Extended Application. The new standards create 
new horizons for faster drive and line speeds. increased 
suitability for modern uses—automation—and greate1 
flexibility in motor application. Often. top speeds of web 
process equipment are limited by the drive’s ability to 
accelerate and to respond to changes in tension between 
driven rolls. Dynamic response has extended these limits. 


Wide speed ranges by field control formerly available 


JUNE 1958 


MG 1-2 


industrial line has the equivalent of a 


standard in the industrial line 


Also. the 


horse power” 


i bast new UO.a 


“tapered 


capacity in all ratings with a 3:1 field speed 


Thus. 


cseneral-purpose. constant-speed: and the general-purpose. 


range. one motor standard now replaces two—the 


adjustable-speed—tresulting in a greater flexibility 

motor application. The new standards have reduced some 
900 motor ratings in tables and lists to 150 ratings. and 
at the same time allow the a better 
motors to fit Many 


listed variations of the general-purpose motor have also 


seler tion oft 


buvet 


required applications. other not 


become extinct due to the general up-grading of the in- 


} 


dustrial design. Thus. with a basic drip-proof system. 


there should be no occasion for a lower-rated Class A 


veneral-purpose specification. 













Fig. 3—(Left) New design 366A frame d-c motor has family 
resemblance to the much larger 583A-S frame (right). Below is 


old the the 
















an frame carrying same rating as 366A frame. 





Frame designations and dimension standards, charac- 
teristic of the a-c frames but not the same, were extended 
up through the 680-A diameters and standard dimensions 
were established for C-face and D-flange brackets. 

Simplificaton of Ratings. There was a lot of room 
for simplification when it came to ratings. The former 
general-purpose d-c motors were divided first into con- 
stant speed with speed ranges by field control from 1:1 
to 2:1, and adjustable-speed with three field control sub- 
classifications of 3:1, 4:1 and 6:1. Then. there was a 
mixture of the bases for ratings: 

Open Enclosure 

a. Continuous, 40 C rise. base speed, with service factor 

b. Continuous. 40 C rise. 150 per cent base speed 

c. Continuous. 40 C rise. 300 per cent base speed 

d. Continuous. 50 C rise. base speed, no service factor 

Totally Enclosed 

a. Continuous. 55 C rise. base speed 

b. Continuous, 55 C rise, 150 per cent base speed 

c. Continuous. 55 C rise, 300 per cent base speed 
d. One-hour. 55 C rise. base speed 

Drip-Proof Enclosure 

a. Continuous, 50 C rise. base speed, no service factor 

b. No basis at all for adjustable-speed motors. 

Between certain of these conditions were rules about 
linear interpolation of ratings. Furthermore, a 1.15 serv- 
The fan- 
cooled adjustable-speed design never had a continuous 


ice factor applied only in specific situations. 
base speed rating. nor were Class B ratings generalized. 
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Changes in Industrial Ratings. Ai! rating. for the 
ndustrial d-c motors are based on either drip-proof en- 
totally 


standardized to date are continuous 


enclosed designs All time 


losures of ratings 
Tempe rature rises 
are either OU C. 


ventilated. or 75 ¢ totally enclosed, 


based on a 40 C ambient. Service 


factors have given 
way to capability ratings: 

115 per cent rated horsepower at base speed 
2. 130 per cent rated horsepower at 150 to 300 per 
cent base speed. (At these capability ratings, stan- 

dard operating characteristics such as efficiency, 

temperature rise, etc., do not apply.) 
(An assigned higher-than-base-speed rating at 300 per cent 
base speed and up has been made which is between 1.3 
and 1.33 times the base speed horsepower rating. This 
rating is comparable to the old tapered rating. but is 
more logical. It is always the same nominal per cent 
higher than the base speed rating. The old general-pur- 
pose tapered rating was equal to the next larger table 
rating. The latter could be anywhere from 1.2 to 1.66 
times the base rating. 

In the new industrial ratings the steps between horse- 
powers have remained essentially the same. although 
some are too close to be separately justified. However, 
two new base-speed ratings appear—650 and 2500 rpm. 
Gone are rating speeds of 575. 690, 350 and 450 rpm, 
and speeds lower than 300 rpm. Thus, base speed steps 
are 33 to 50 per cent apart, rather than anywhere from 
12 to 100 per cent. 

New Mechanical Features. Aside from the stand- 
ardization of Class B insulation (formerly available only 
at a premium) and the new ratings. most of the new 
mechanical features are peculiar to the various motor 
manufacturers. brush 
holders and mountings. field coil construction. ventilating 


Included are improvements in 
systems, armature coil retention methods and commuta- 
tor designs. Old and new Reliance designs are illustrated 
to demonstrate these changes. 

Since few motor manufacturers are in the bearing 
business, they can only claim open-mindness to the use 
and application of the latest designs in bearings. Tre- 
mendous strides have taken place in this area with re- 
spect to life and size. However. a motor bearing is a 
component of a system in which lubrication, temperature, 
abrasive and contamination protection, float tolerances, 
and alignment must be considered. as well as the radial 
and thrust load capacity of the bearing element under 
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ideal « tions. Mod ses fo ‘tors dema t. This gives us the sis the significa f 
wid are wetting. heart eee tei ed Lousing systems fo! 130 ( Class B s gher-temy ture 
greater reliability rated motors 

Advances it etallurgy applied t tor parts The new stria s lespite its higher 
crease corrosion resistance where required and redu temperature iting. has greater temperature margin 


latigue failure 

















An Integrated Line. When changes are in the naturé proof machines. Here's wh The Class A maximt not- 
of i complete redes oY i good } pb ot ove rall stviing may spot temperature = 105 ¢ B totaling 1) ¢ ambient. 50 C 
be done. There is no mistaking the “family resemblance’ rise for the drip-proot ge purpose design. and 15 ¢ 
of the smallest frame and the largest. Compare the new- t-spot over measured ince. no Marg 
design Reliance 366A frame with the 583A-S in | . For the new industrial design. the drip-proot en 
T} s mtinuity I desig cal id t the appearance ta =~ s OU | 1 the = measured a ance 1s 
mult itor mact When designi: i mp'lete line of A) f it since | 1 [-spot a able 1s 15U 
motors, parts standardizations can bh e which result C for Class B sulat ive a rg tf 10 ¢ 
i! i simpler spare parts probler t e| ! f tor rt > > s ] is f = la Ss -& \ tual Wwe kr Ww 
Maintenance and ser of a “family” of motor frames that ern Class B ate f 
s easier to learn and execute. | the motor manu e than t standal eratu 
facturer’s standpoint. production t z can be standard there is some interest ing mot 

. Zed and s piihes Als cl - ed \ heing il et ATE ie a ( ss | | t pe 
iesic vith exter <ul , 1 dow ‘ ne n mind wit! thic ceiff + © ‘ 
. methods a id to both shorter 1 luction « 2 lern Class B ite < jit is 
7 ind easier and more rigid quality control administratio signincance of modern insulat systems in contributing 

Smaller Space and Less Weight. In the suggested to the liberality of design 
standards for fran lesignations and dimens s (NEMA | iid general-purpose 40 | se Machine had a serv- 
Table MG1-3.02.b). the frame steps between diameters e factor of 1.15. However hen drip-proof covers were 
are such that the standard ratings v readily be fitte dd tne ted rise 1) to 50 ¢ ind the 
into a schedule of tw engths p diameter. although six service tor d t | the suggested industrial 
ch es exist (seven for the 180A diametet Depending standards. the service factors e been o 1. but in- 
Ip whether a particular manufacturer's new assigr lude the rating t f MG ’.O0.a require- 
m I given rating is up frame { <n r nt that these tors he ipable of carrv- 
diamete r of shorter lengt veight reductions per ng a loa t > times t se speed horsepower 
rat x varv trom lb t LO) pe ent he correspond it ise speec ritt p t \ nperatur rise 
ncrease horsepower per trai size ranges 0 etc., may be different ft standa 
to 200 per cent. Figure 4 shows a scaled comparison « Industrial D-C Generators. | hi s st another 
the sizes of the old and des < ran average ratir iy to reduce the purchaser s st. and that is to be able 
Volume. weight and floor area also are mpared per- to specify—and get rdinated back-up generator 
centagewise. Actua ad’ and “new” otors of the same rating. instead t the next irger nominal size. Corres- 
rating are seen in Fig. 3 ponding industrial d-c generators met their design change 

Most of the welght <a ngs are realized in the nactive n the Kilowatt rat g scnedule MG1-9.03.a The exact 
materials of the machine. such as end brackets and requirements were computed. Then exact generator ca- 
mounting details. To the user. all of this adds up to Jess _ Pabilities in kilowatts (including consideration of losses) 
costly cantilever mountings and small moments about per input shaft horsepower were omputed. From these 
the working center lines values. nominal kw ratings were picked. Appropriate a- 

Improved Engineering Design. Historically. el: motor service factors and d-c generator capabilities apply 
trical equipment designers’ specifications have been ar to these -< sets. Recognizing that the majority of d-c 
open fe ok Equipme nt has beer idvertise 1 ar d I ited oO! ippi ifions were on single-motor, single-generator drives 
in engineering design basis. rather than solelv on its wit! w-distribution /R drops. NEMA raised motor 
duty and application ability. Specifically. we refer to voltages to 240 volts (with 120 volts optional for 10 hp 
temperature rise and insulation. There are now indica ind lower). Thus. m-g set generators may parallel exist- 

. tions of much forward thinking on this subject. and a ing 250-volt plant distribution busses, and 240-volt motors 
special subcommittee of the Motor and Generator Sec- may be field-trimmed to operate on 230-volt loops 

tie if NEMA is currently investigating and reporting or So, there is much “new” about industrial d-c motors 

und generators . . . much for the purchaser. user and 

, manufacturing industry. There are new horizons in ap- 


plications, and greater challenges to be met. Now there is 





in opportunity for renewed activity and creativity among 
Volume — ~ 
isers and suppliers of d-c motors and drives. 
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Analyzing Combinational Circuits | 


by ‘ 
Boolean Matrices 


1 step-by-step technique for understanding a multipath switching circuit 


by deriving the boolean function which represents it. 


an 


: Karnaugh Maps 


{ method for visualizing and simplifying the boolean expression for an) 


logt al ( ircuit. 


RENE DESCARTES. IN HIS FAMOUS WoRK. The Geometry the boolean function of a combinational network as 

1679). defined analysis as the process of reducing a 
roblem to an equation. Although this is not the precise 
lefinition used by modern mathematicians, it applies to 
most other technical fields. 


first step of analysis and simplification. If path tracing 
could be extended into a step-by-step routine suitable for 
circuits of any size, it would be possible to analyze very 


complex systems without worrying whether every path 


In terms of switching theory. analysis is the process sneak and obvious) had been covered. This can indeed 


if determining the operation of a circuit by deriving 


he done. using boolean matrices.7 
the algebra which represents it. This includes the prob- 


Extension of Path Tracing. In evolving a -yst 
matic method of circuit tracing that considers all pattis 
the first step is to label the nodes of the circuit—a nod 


lem of reducing the algebraic function to a simplified 
form. Two such techniques for analyzing complex cir- 


cuits are boolean matrices and Karnaugh maps. being a junction of anv two or more devices. The circuit 


then looks like a collection of points, or nodes, with 
BOOLEAN MATRICES 


Path tracing (introduced in Part I*) affords a direct 


but oceasionally cumbersome method for determining 
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For Fig. 21C r op i sone 








20 ': Lypical 5-node circuit D 
. Boolean matrix ie" 
a for transmission 3 
function between terminal 1 

nodes | and 2 is shown in 


B) 


‘teenies ae 
1 ~ 2 
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21 Generalized circuits for 2, 3, 4. 5 \ nodes, showing all possible paths. Boolean matrices provide a systematic method 
I i h 


path and eliminating uninteresting nodes to derive the circuit transmission function for the terminal 
nodes of interest 


circuit elements ¢ nected between node pairs Figure ( \ switch has the same transmission in eit er di- 
200A. for example. happens to have precisely five nodes. rection: 1.€.. 

The most complicated circuit possible using only hve D. Any generalized rcuit of .V nodes has NVi.\ | 2 
nodes is one with circuit elements connected between connections, Many f which may equal zer: 


each and every pair of nodes. Such a circuit will be The Geacrailend Circuit Function. It will 


called a generalized circuit of five nodes. Every actual called that the transmission function between two points 
five-node circuit is a sper ial case of this one There is may be calculated. using path tracing, Dy summing the 
only one generalized circuit tor any particular number junctions tor every poss te between these points 
oft nodes i few are illustrated in Fig. 21 see Part | Referring t Fig. 21. a svstematic met} rd 
The elements connected between two particular nodes ot tracing every path 1 generalized circuit (applicable. 
(i.e,. node 1 and node j) will be called the connectior therefore. to any gs] fic circuit) would be as { Ws: 
p In the example under discussion the p., of Fig. 21D Consider first the direct mnection between the tw 
ire equivalent t the boolean functions of the actual nodes under analysis. ther onsider each path wi 
elements found in Fig. 20A. Thus: volves two connecti s ne intermediate node 
o ‘ b every path involving three nnections, and so forth. 
D & { ; Q The transmission functions 7 which are ne es 
as connections p I generalized circuits are \ tte is 
There are four “rules” regarding these node connec: follows: 


tions: For Fig. 21A 


A. When no elements are directly connected between 
two nodes. the corresponding p,, equals zero. 
B. The ec ction between any node and itself has For Fig. 21B: 


the value 1: 1.€.. p l. p l. ete. 
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T p (direct connection) 
Pia p Dig P (one intermediate node 
Pir Pius P Pis Pas Poe (two intermediate nodes 


For ag 


»neralized circuit of N nodes (Fig. 21E) :* 


CN | groups) (29) 


That is: 


considered, then all connections with one intermediate 


first the direct connection from nodes i to j is 
node, two intermediate nodes, etc., up to (N—2) inter- 
mediate nodes. In this way every path will be covered 
once. Note that only in the case of a two-node network 
does T,; (the transmission function of the entire network 
as viewed between terminals i and j) equal p,; (the trans- 
mission function of the elements directly connected be- 
1 and j 

Applying Eq (29) 
mission 7 


tween nodes 


to the circuit of Fig. 20A. the trans- 
>= 


between terminal nodes 1 and 


1 p Disp Pusp Ps] 
PisPup PisPasP PisPaa} 
NePasp p D ] 
PisPrsPasp DasPsaf 
PisPasPasp PisP4sPsaP 
sPs3Pasp PisPssPask 


T 0 4'(D {) 1D/ VE (DE (D 1) 


Needless to say. the 
possibly suitable for a digital computer. is not very prac- 
tical for manual! calculations.+ 

Constructing Boolean Matrices. The boolean 
matrix is a mathematical model of a switching circuit, 
designed to facilitate caiculating boolean functions which 
represent the circuit. In addition. switching circuits can 
be converted into other logically equivalent circuits by 
means of mathematical operations on a matrix. Matrices 
cannot, however. be used directly to represent many other 
logical systems. such as gate circuits. A single matrix 
may fully describe a circuit with many inputs and out- 
puts, while a number of distinct boolean functions are 
required to describe the input-output 
tween the various pairs of terminals 


re lationships be- 


The boolean matrix of a circuit is a convenient ar- 
rangement of all the connections p,, which comprise the 
switching network. As a convention. the 


are numbered first: 1], 2, etc.: 


terminal nodes 


make 


above analysis technique. while 


s —— . vee] 
| » . a ja tees | 
p P p p ie (30) 
p p Ds j hn dis | 


Since 


the connection between a node and itself \p 


Do». ete.) is always equal to 1. and since p,, is equal to 


p etc.). it is sufficient to write: 
© p 7 . " 
1 p . . 
. . (31 
} P 
l . 
kor example. the matrix of Fig. 20A is: 
0 { 0) { 
0 / D+~A 
| D 0 (32 
| I 
l 


kach entry in the matrix may be an entire boolean func- 


lior which represents the connection betwee n two nodes 


In order to reconstruct a switching circuit from a 
matrix. the reverse process is employed. The entries in 
the matrix furnish a prescription for placing switch con- 
tacts between the nodes. 

Solving the Matrix. The major purpose of analysis 
is to discover a boolean function for the transmission 
T,, between the two terminals under consideration. The 
key to the solution is as follows: 
of a two-node network (e.g. Fig. 
between the 


[he matrix of this network is a two-by-tw 


The transmission 7 
20B) is equivalent to the connection p 


I 


terminals 


array: 
2 oO 
: l 
in Which the single entry D represt nts the complete trans- 


function between the two nodes (terminals 


Therefore. 


mission 
the objective is to reduce a large matrix to a 
2£2 matrix containing only the two terminals between 
which lies the desired transmission function. Eliminating 
the non-terminal nodes will yield a new matrix whose 
circuit has precisely the same logical properties (with 
as the previous circuit. 

Elimination of Nodes. Figure 22A shows a three- 


node network with two terminal nodes. 


respect to the terminal nodes 


Its matrix is: 


l \ } 
| A | 
l | ( 
[he non-terminal node (3) can be eliminated by 


simply pretending that it does not exist, resulting in 


Fig. 22B and the matrix: 


| | (34) 


Note that A YZ is also the boolean function of the 
circuit. This demonstrates that the transmission between 
two terminals is given by the entry in the 22 matrix 
containing those two terminals, which has been derived 
from the matrix of the entire circuit. 

[he general process consists of eliminating one non- 
terminal node at a time (by convention, the last column 





of a matrix is the one to be eliminated: this is why the 4 ” ; . 
terminal nodes have been assigned numbers | and 2) as a 
follows: ] 

Removing node 3 (the las terminal node 


A. Split off the last column (corresponding to the 
node to be eliminated 
B. Multiply the first and second entries in the last . 4 


column and add this result to the entries in Thus. the transmission function 7 s given by the sole 
the first row and second column. entry D in the matrix consisting only of nodes | and 2 
C. Multiply the first and third entries in the last interchanging Nodes. Although the technique of 
column and add the result to the entry in the node elimination is always applied to the last column in 
first row and third column. the matrix, a node other than the last can be eliminated 
D. Continue this process with every pair of entries without redrawing and relabeling the circuit. The tech- 
in the last column (first and fourth, first and nique is as follows: 
fifth. etc... second and third. second and fourth, A Write the c mplete square matrix ncluding the 
etc.) until a product has been added to every terms in the lower-left half 
entry in the unsplit portion of the matrix. B. If. for instance. it is desired to interchange node 
Many of the products will be 0 and therefore 17 with node 38. interchange the 17th and 38th 
will not affect the corresponding entry in the eolamme. Then interchange the 17th and 30h 
r left-hand portion of the matrix. It is not neces- rows. 
sary to add anything to the l’s in the diagonals, C Amskees the wats n the same manner as pre- 
inasmuch as | plus anything equals 1. viously 
. fo illustrate this procedure, we may eliminate node Suppose that it is w desired to determine the trans- 


> of | q (32) and hence node 5 of Fig. 20A: note the mission 7 of the circuit of Fig. 204. that is. to eliminate 
lirect correspondence between matrix and circuit: ad ) d 5. In other rds. node 4 should be moved 
m <a \ nto the second positior eplacing node 2. The omplete 


l Bs 2 1 matrix, Eq (32), is 





B — 
—_ ; ae . : Sacre soma 23 Simplified cireuit of a multi-node 
system varies with the 


. , terminal 
xample of simple node elimination. For transmission between terminal nodes considered. Above circuit com- 


nodes | and 2, node 3 is ignored and the 3 x 3 matrix for circuit (A) can be bines both transmissions 7 ind 7; 


converted to a 2 x 2 matrix for cireuit (B see Eqs and (34 equivalent t ireuit sh n in | 0 
quivalent to cireu show 1 Fig. 20. 





101 
















24 Seven-node circuit to be reduced to a 4-node circuit 
(Eqs 37, 38), eliminating non-terminal nodes 5, 6, 7. 


ds 





25 (A) Equivalent circuit of Fig. 24 in terms of terminal 
nodes 1, 2, 3, 4. (B } 


2, Since circuit across terminals 3, 4 
does not provide a sneak path for signals from terminal 1, it 
can also be eliminated. 


Phe resulting matrix is again symmetric, provided that 
no errors have been made. This matrix translates to the 
original circuit of Fig. 20A with node 2 relabeled “4” 
and node 4 relabeled “2.” {Actually the circuit remains 
the same no matter how the nodes are numbered. Equa- 
tion (36) could have been derived by merely switching 
the “names” of nodes 2 and 4. 


The reduced matrix of terminals | and 4 is 


l D+A'7) 
| 


— 
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and the boolean function of the transmission 7, is 
D + A'E’. On the other hand, T;. was shown to be D. 
This brings up an important point: The result of simpli- 
fying a circuit will vary with terminals being considered. 
If both transmissions 7,. and 7,, were required, the final 
circuit would be Fig. 23. 

Circuit Simplification. Boolean matrix analysis does 
not necessarily reduce the number of literals (or switch 
contacts). inasmuch as its purpose is to reduce the num- 
ber of nodes in a circuit. Reducing the number of nodes 
may or may not simplify the circuit. 

In order to simplify a circuit by means of boolean 
matrices alone, it is necessary to eliminate experimentally 
each non-terminal node and combinations of such nodes. 
counting the total number of literals at each step. For 
the example of Fig. 20 (with nodes 1 and 2 as tet 
minals). it would be necessary to eliminate node 3. ther 
total matrin 


Whichever reduc 


tion vielded the smallest number of literals (zeros and 


node 4. then node 5. to start again with th: 


and eliminate node 4. then node 3. et 


ones not counted) would be the matrix of the simplifies 


circuit. In this particular case, the simplest network hap 


pened to be the one in which every non-termina vce 


had been eliminated—this is not always the case 

This technique appears complicated for hand calcula 
tions. involving as many as 2 such experimental com 
binations of eliminations for a network of VV nodes 
However. following these guides for choosing the 
numbering sequence will make it more likely that the 


normal reduction order will succeed 


\. Assign the lowest numbers (1. 2 to the 
terminal nodes. 
B. Assign numbers to all other nodes in the order 


of decreasing complexity so that the 
the least number of lead 
higher-numbered columns. 


This numbering scheme does not guarantee a minima 
circuit. but it is a good starting basis. A node with only 
two wires leading to it (two non-zero entries in th 


row and column) is always worth reducing 


The ques 
tion of reducing succeeding nodes has to be settled by 
experience and experiment. 

A Practical Example. The circuit of Fig. 24 might 
have been designed by an overcautious engineer. It 
forms (as will be shown) a clumsy way of counting 


two. The matrix for this circuit is: 


= 0 0. 6 «xk’4+-¥" 0 (\ dy’) 
1 0 0 (X+/Y) 0) 0 
l 0 0 (x 4.) iT) 
| 0 (X'+Y’) ) 7) 
l Carr) a 
l (\ i) 


Eliminating the non-terminal nodes (5. 6. 


i; a OG AY) CGAY) CX'Y") 


(38) 


Figure 25A illustrates this reduced circuit. It may be 
25B) 
solely in the transmission from terminal | to terminals 


transmissions between 2, 3 and 4 are of no 


further simplified (Fig. because interest centers 
2 oan 4: 
concern, as long as no sneak paths result. The transmis- 
sion function X') 


not provide a sneak path for signals originating at ter- 


YY’ between terminals 3 and 4 does 








minal ], as the reader may verify. Therefore. this group 
of four literals may be removed. The simplified circuit 
of Fig. 25A reproduces every one of the six original 


transmission functions. while Fig. 25B duplicates only 


those transmi 


lission functions of interest. However, fun 1} lt 
tions between output terminals do not always conveni- 
ntly drop out. They may be legitimate sneak paths, and 


his must be checked. ° \}- x’ > ————() 
Mathematically the fun tion 3 \) 


may be | lf 
eliminated by solving Eq (38) for 7T,.. 7 ind 7 DY Ww 
| ' ' | Y | 
node-interchange and further reduction. In each case the fb ef |} 2 
ent ) lisappears. leavi the Wil 


\'} x [yz'+w(x’+y+w)] 
| x Y = 
Verbally ee 


tel n. lamp gehts X w 
Summary. The boolean matrix is primarily a path- @ pe end peered 
wil t tor analvzing and understanding a circult 

ar lif ; XYZ’'+XYW+XW 
ritally or simpiil nz the circuit n terms o 
{ ed vena It Is ecessaly ti i 
reuit t lerstand it illy analyze 





boolear 


isetul rye icing le comp Dbooleal unctions 
. \: a preliminary step to circuit analysis by Karnaug 
ften arise in reducing a matrix or translating a set maps, the 1 functic t be ° § 


ym mus ‘multiplied out 
iirements into a circuit. Here. other tools must | to its expanded form. The boolean function of (A) in expanded 
= form describes the circuit of B 


KARNAUGH MAPS A a al la 
AND ALGEBRAIC REDUCTION durietparalcl Gueuit; suche Sia. Sy (Esmee 





} Isually idds literals. wi nm Cal later he removed bv ta 
Fhus far, little attention has been paid to the task of ; ; 
; , toring. It is necessarv as a first step ssect 
simpliiving a given boolean tunctior Doggedly apply- I 
| l ] } nalysis ot ne tunct ! ne expanded torm Ca! 
ng the boolean-algebra rules developed in Part I car ae ; es, } 
. . . be studied and reduced by means of a Karnaugh map. 
isily become arduous. For when a function involves ; 
o 1 } t it il ally st se ty rules I | 
“OVE variables. it is not at all clear how to manipulate 1 P | 
' 
the function in order to arrive at a minimal form. Ne , 
es the bi an matrix technique say much about re \) \ \ 
the tunctions which torm its indiv dual entries " 
as , | [\ (4 


The Aarnaugh map provides a method for visualizing 
: i onside! boolear 
eesling oc tisk te uamecmmy terns con. lie readily Simple Karnaugh Maps. ( ler a boolea 


, a Ig ' tio mtaining exactl e variable iter eXxpans 
identified and removed.+ The Karnaugh map differs from a aor pein \ 
z . t muct no«ssece one f the fp} wing four torms 
the boolean matrix in that it Is used to analyze lunctions os " ea : 
rather than circuits. hence is applicable to switches, \ \ () 
gates. and many other logical problems 
5 he behav of these tions. fact the 
The Expanded Equation. In order to employ a " 
: ; uit description. can be summarized it a 
Karnaugh map to analyze a boolean function. the fun ; : 
; : eact functions transmission under the tw poss 
tion must be put into a standard form, called the ea 


switch conditions A l and X 0: 


panded function, by multiplying out all of the terms 


the function. For example. the expanded form ot: 


Y[YZ WON ) WW) (39 when X =| O ] 


yz VW) ‘Tt C10) Function a 1 | oO | 


Note that every term in the expanded form contains Function 1 =a I I 


each variable not more than once. If a term such as FunctionO =| O O 
YW X' appears. it is of course cancelled, since XX’ equals 


zero, Functior 
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scribed by examining their transmissions under the four 
possible combinations of the states of the variables. For 
example. consider: 

U+UV+ U's (44) 


The possible combinations of states may be described by 
listing the transmission under the conditions 


l 0 and 4 U0 
U = 1 and J 0 
l = 0 and J | 
U = land I l 


\ 


j U This can be conveniently done by means of a graph: 
: v re J 
0 -—a 
a EF | | | 
w — ea 
The first term in Eq (44) asserts that the transmission 


is | whenever LU’ equals 1: 
27 The eight possible states of a three-variable switching 


circuit can be represented geometrically as a 2 x 2 x 2 \U : 
cube, or two 2 x 2 parallel planes V\_o__1 
0 ] 1 
1 ] 
Phe second term in Eq (4-4) states that the transmission is 
also equal to 1 when UJ equals | e, when U equals 
1 and | equals Ke 
U 
VN. OT 
0 1 


| | a—14I=1 


This ste p reveals a useful pec uliarity of this graph. Since 


the insertion of UJ has not altered the graph, it does 





ot alter the function. This amounts to the assertion that: 


°o l Uh / 
In other words, the reduction permitted by Eq (41) is 
| hee oO! i te I ing Oo f { } 
28 [he significance of maps is that functions of adjacent eae 18 ao ally. Returning nm hq 14), the 
squares are exactly alike except in one variable. Above last term requires that one more entry be made in the 
are three of the twelve possible such adjacencies in a three- rap! 
variable map U 
™\ Oo 61 
0.1 1 
] ] 
U,V,W=101 U,V,W=111 nee 
Equation (48) completely describes Eq (44). Coinci- 
dentally. the function U + V’ has exactlv the same graph. 
Her ce: 
I uy U'y } (19) 


This can be verified by direct boolean algebra. 


Reduction of Simple Karnaugh Maps. The result ; 
of Eq (49) is not, as it were. pulled out of a hat. The first 
horizontal row of Eq (48) shows that if V G-tF SL), 
the circuit will conduct no matter what the state of switch 


LU’ might be. Similarly. the entries in the second column 








U,V,W=001 reveal that the circuit will conduct under the conditions: 
uU | lor J ] 
t ,W (INSIDE AND OUTSIDE) Le. | | ] 
——-> 


[his demonstrates the assertion of Eq (49), since it will 
be recalled that the boolean function of a circuit is a 


29 Fiat three-variable map designed by Lewis Carroll to des ription ol when the circuit will conduct. 


display all eight possible states and twelve possibl he essential principle is: Whenever two I's are hori- 


adjacencies ontally or vertically adjacent in the map, the variable 


104 








which changes from | to 0 across that adjacency dis- 
appears in the corresponding portion of the function. This 
fact applies to all Karnaugh maps. 
To clarify further, consider the following map 


~— 
— 
~ 


At first glance one might expect that the function cor- 
responding to this map is U'V + UV. But the above 
principle indicates that the position of switch l 5 if- 
relevant: hence the function for this map is simply V. 
Three-Variable Karnaugh Maps. When the prob- 
lem involves three switches or variables there is a total 
of eight possible combinations of switch states (2 2 
2). In other words. the map of such a circuit requires 
eight entries. This map could be represented in the shape 





° 
of a cube, two units on each side. Each of the coordinate 
axes represents a variable, and each variable has the value 
of 0 or 1 (see Fig. 27). Note that any horizontal or ver- 
. tical plane (except diagonals )is in reality a two-variable 
map 

Any function of three variables can be represented on 
a three-variable Karnaugh map. It is necessary only 
expand the equation and write the appropriate entries 
for each of the terms in the expansion. First. however. 
it would be convenient to convert the cubical representa- 
tion into a flat map 

The problem involved in unfolding the cube is to pre- 
serve the adjacencies. Figure 28 shows three of the twelve 
possible adjacencies in a three-variable map. The reduc- 
tion principle is based on the fact that the functions ‘ 
represented by two adjacent squares are exactly alike 
except in one variable. which appears in one square as 
0 and in the other as 1]. For instance, the square repre- 
sented by A’BC and A'B'C are adjacent. differing only i: 
the value of B. If each of these squares had the entry 1. 
then the function representing the map would contain th 
terms A’BC and A’B'C. This can be factored: 

1’BC + A'B'( 1C(B B’) i¢ 

The flat three-variable map shown in Fig. 29 retains 
ill adjacencies. While this map may seem strange t 
readers familiar with Karnaugh maps. it is a valid repre- 
sentation.* However. this format cannot be extended to 
four or more variables. 

Figure 30 illustrates the evolution of a three-variable 
flat map from the three-variable cube. by a method that 
can be extended to maps with more than three variables. 
It happens that the three-variable map can be written on 30 Generation of a flat three-variable Karnaugh map with 
the surface of a cylinder. preserving all the adjacencies. entries partially reversed to preserve the adjacencies. 

; In order to convert this cylindrical map into a flat map. 
one may cut a slit in the cylinder and keep in mind that 
the resulting map is actually joined at the ends. Figure 

. 31 shows some of the adjacencies of the three-variable 


Karnaugh map. Note that the entries have been partialls 


reversed by the geometrical construction, thereby pre- 


serving the adjacencies.** 











*Lewis Carroll, of Alice a lerland fa was private life the Rev 

Charles L. Dodgson, a dea f the English ¢ r and a lecturer in mathematics 

at Christ Church College, Oxford. This representation, and probably the con 

cept of the Karnaugh map as well, was partially anticipated in a little-known 

book which he published in 1897 (Symi Log London, MacMillan; repub 

lished in 1955, New York Berkeley Enterprises). Ir entally, the authors r 

ommend a reading of any of the Carroll books or poems as wonderful studi 

wl . oe e 31 Four of the twelve adjacencies in a_ three-variable 
The reader who is already familiar wit nding theory will recognize this ’ 

order of numbering as a “Gray code.” Karnaugh map. 
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32 Functions of four variables can conceivably he 
represented by a four-dimensional hypercube or tesseract 
An Example. Consider the function: 


uy (iu (Vin (51) 


Ihe nap 


p of this equation is: 


UV 
w\.00 01 1_10 
0o;1;0;1);)0 
17-10) 0},9 
If this map were converted back to algebra without com- 


bining any of the entries. the result would contain one 


term for each entry: 


UV U'V'w UVW CV 


However. there are two adjacent pairs in the map. as 


shown below (note that it is perfectly acceptable to 


cover a square several times. but the algebraic result 


must cover each square at least once): 


\ UV 
W\00 01 11 10 
0\1::0 1,0 


ia3}o| ola] 
In the vertical pair. the variable W has the values 0 and 
1. and consequently may be eliminated. In the horizontal 
corresponding to 


UU} WW’ is not involved in any pair and hence must be 


pair the same is true of Ul. The entry 


retained as is. Combining these in the order mentioned: 
UI wu UVW (54) 


\s was pointed out earlier, Karnaugh-map reduction does 
not factor expressions: they remain in an expanded form. 
Further reduction could be made with boolean matrices. 
However. it is not necessary in this example, where simple 


factoring vields: 
va HW) CV 


The Four-Variable or Basic Karnaugh Map. 1!) 
Karnaugh map really becomes useful when considering 
functions of four or more variables. The four-variable 
map. which evolves logically from the three-variable map, 
requires 16 entries (2 *& 2 *% 2 & 2) and is in reality a 
four-dimensional hypercube. or tesseract. as illustrated 
in Fig. 
tesseract can however. be distorted to a doughnut o1 
torus (see Fig. 33). 


into a cylinder and again into a flat sheet. 


The four-variable map is called the basic map because 
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32. This is hardly a practical representation! The 


and the torus can then be slit once 


WX.00 01 11 10 
0 ; 
10 


33 The tesseract can be distorted to a torus, cut into a 
cylinder and unfolded into a 4 ! called the 


» x 


~quare 
basic Karnaugh map. 





34 In a basie Karnaugh map adjacencies occur not only 
between adjoining squares but also “over the top” and 
“around the sides.” 
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35 This circuit is analyzed and reduced by first, writing 
the boolean matrix (Eq 57) to determine transmis-ion- 
1 and 7 


Fg: 58, 59) from which the simplified transmissions are 
written see text 


ind then drawing map for each transmission 


s the = used tor most calculations M MI 
| ited ips are merely combinations of bas 
maps. while simpler maps (rarely needed) are but p 
t > i is } 
Note that the order of numbering the states 


variables along rows and columns is again OO. Ol. 


10. This ordering accounts for most of the adjacencies. 
Phe remaining idijacencies may fet recognize DY re- 
illing that the toroidal map was slit twice during the 

structi Therefore the two sides of the flat map 
Fig. 33H ire considered adjacent; so are the top and 
ottom. Thus adjacencies may occur “over the t p 
around the sides.” as shown in Fig. 34. 


So far the only adjacent groups which have beer 


sidered involved two adjacent squares Adjacent groups 
msisting of 4. 6 or 16 squares can also | f ed 
i Karnaugl i} Equat 99) s s ty such g ips 

UV 

WX 00 01 11 _ 10 

oo 1 0. O ] 

oO! O ] 71 0 

1 0 1 | 1:| O 

10 1 0.0 1 
The group « sisting of the four = is a 1 icent 
roup. | king at the top row 


The group along the bottom row yields: 
WAC I Uv’) WAT 
Combining these results: 


Welt WX’) YI 


Similarly, the group of four inner squares reduces to XV. 
In summary, the reduction of a Karnaugh map con- 


sists of the following steps: 


\. Identify the largest possible groups of 1. 2. 4. 8, 


etc. adjacencies which cover the entries in the map. 


one term for each group. 


1. If a variable has the value | in a group. the cor- 


responding literal appears unprimed. 


{LUNE 19 


3. Write the minimal expanded function by inspection. 


2. If a variable has the value 0, the literal appears 
primed, 

}. If a variable has both values 
the group, it Is left out. 


As an exercise the reader may wish to ver ly tha 


WX_00 01 11 10 
00| 1 
ona} alta 


10;0;}0;0;0 


+} t 


u 


trans << ' 


An Example of Map Reduction. To analyze the 
cuit of Fig. 35, a ean matrix Is first writte! 


jetermine the transmiss of this circuit 
\ ( a 
0 
] ] | ’ 
MW 
j 
)» 
Redu g this lal € s Lo » matrix 
r \ \ | Wel Vyiq 
yields the tr smiss Ss 


] \ 4 , 

1 vy wat ry wy 
\ Karnaugh map analyzes only one transmission fu 
Be. a ips t nalyze this situat 
Filling t : s pressions 

UV UV 
WX. 00 01 11 10 WX. 00 01 411' 10 

001°) 1 1 oo|fT a fia 


0 
OF; 1:;0)} O}:1 O1);1:|} 0} 0 


} 
The adjacent groups have been 


simplified transmissions 


ut WAN UVX 


Solving Maps by Negation. \ map can be negated 
by replacing all the l’s with O's and vice-versa. This is 
useful in two ways: 


e When a map « 


inalysis is often simplified by mentally interchangi: 


onsists of many more l’s than 0's. the 


0's and 1’s and solving the resulting map. 

e The solution is the negation of the desired solution, 
and therefore describes the conditions under which the 
circuit will hinder information. 

Equation (58). the map defining when relay R, of Fig. 
35 will close, affords a good example. Since there are 


but five O’s in this map. it is easier to reduce it by con- 
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Five-variable 


can be 


map- constructed from two basic 


ing squares in each basic map. 


3 


sidering the 0’s. Equation (58) then yields the following 
result: 
\UV 
WxX\00 01 11 10 
00 | l 
01 1 ] 
7] 
10 7 | 1 
The solution of this map is: 
CV VW VWwX (60a) 


Factoring. negating and simplifying yields the expected 


transmission: 


4 WA W'X'l 


(60b) 


Equivalent Solutions. There are often a number of 
alternative solutions for any given Karnaugh map; these 
solutions are entirely equivalent. and the simplest solu- 
tion (in terms of the number of literals required ) 
ually the most desirable. 


is us- 
The number of literals corresponding to an adjacent 
sroup of l’s varies inversely with the size of the group. 
A single four-literal term. 
Adjacent groups of two. four and eight boxes translate as 


map entry translates as a 
terms containing three. two and one literal, respectively. 
The most desirable grouping arrangement for any given 
map is one with the fewest and largest groups. Equation 
(60) has been translated into a function containing nine 


literals. Regrouping this map as in Eq (61): 


UV UV 
WX\.00 01 II _ 10 WX 00 O1 41, 10 

00 1 00 | 1 
ol 1| 7 01 1|\ 1 
iL 1 
10 111 10 111 

one obtains a function with ten literals: 

UVW'X + VW’X + VWXx 6la 


Sometimes different groupings can be found which yield 
functions of equal complexity (although they may appear 
different). Equation (62) is another grouping of Eq (60), 
leading to another function containing nine literals which 
is not the same as Eq (60b). The solution of Eq (62) is: 


UV VWN + VWX (62a) 


Continued on page 326 
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Karnaugh maps. 


¥ 


J O 


Additional adjac encies occur 











between corre spond- 


Z Iv ix UV 
wxX\00 01 11 10 =| WX\00 1 
oo eat a 
O| ol | o1 
nN | N 
10 Tt dis 10. 
I \uv uv 
| WX.00 01 11 _ 10 WX». 00 Ol 
| 00) | | | oo} | | 
] 2 ; ol 
1 om ial lf! n 
wo} | | ian 10| | 
37 Six variables can be handled by four basic 


idjac encies 


and 


N10 
7% 
1] ; 10° 
i > 
1 
maps. Note 
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circuits with six vari 


ables. 
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The commercially-available game of Three-Dimensional 
Tic-Tac-Toe is a ready-made Karnaugh map for solving 
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than the 


mechanical fastener. As an aid to helping him 
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p st-] é I or piat = at rda € 
with Federal Specificat QOQ-P-416 Type II. All AN 
aa e MS Aalt recive: thie: adh 
ti post-plate dip | fore s d t be used 
s rete! es. Company 1 ences should be developed 
sing dimensions and phys roperties of the AN or 
Ms part it requiring tl! ite dip vdditi 
For the most part e statements made this article 
ira tuncti i | tinent informati ave 
el tained trom published s s directly from 
the indicated manuta rs. None of this inf ition 
is intended to suggest preference for one fastene ver 
inother when either will properly a nplish the 
function. Similarly, any omission < ther mechanical 
fasteners which might perform ke functions does not 
mean that they would not be eaually suitable. The opin- 
ms that are expressed in this article are thos of the 
iuthor and do not reflect policies of the Radio Corpora 


(America. 


Gage Publishing Co.) 
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screws 
and studs 


Because screws and studs can be readily removed and 


replaced in a finished assembly. they are used to a greatet 


extent than any other type of mechanical fastener. The 
machine screw is by far the most common fastener. with 
more than 30 head styles available. Eight head styles 


| 


have been standardized by the Standards As- 


style is 


\merican 
head 


a flush assembly 


sociation: but since choice of basically a 


choice of whether is or Is not desired. 
two styles. the pan head and the flat head. are preferred 
by both the 


lo re duc = assembly 


electronics industry and the military. 


costs. the tapping 


screw Is some 


times used as a semi-permanent fastening Its use is 


limited hy specifications. however. to 


intende d. 


military applica 
Head styles avail- 


to those 


tions where removal is not 


able on tapping screws are similar on machine 


screws and tapping screws are classified as either thread- 


forming or thread-cutting. with only the latter acceptable 


machine screws 

























Driver Recess. (vost. appearance, field use. tightening 


torques, etc. must be considered in determining the type 
of driver recess to specify. Most common types are thi 
slotted. with the 


widely used because of its appearance and its adaptabil- 


hex. cross recess the most 


and 


ity to rapid power driving. 

Threads. In general. the 
No. 10-32 in 
class 2A 


: ! 
ind simiial 


coarse thread series (except 
preference to No. 10-24 
Threaded 


sometimes use thre 


ied wit 


Is spec 


' 


tolerances, cle Vices 1 adjustments 


functions 

fine thread series. 
Material and Finish. Stee!. brass and stainless steel 

are all specified in the various general specifica 


the majority of screws and studs shown a ivallalple 


ill three materials. The use of aluminum threaded fastet 
ers in light electronic 
RCA and at least one 


educing weight and 


equipme t = Deu nvest ited 
electror oi mpa - a eans 


costs 


Fasteners made of steel are cadmiun thos 
‘rass are cadmium. nickel or tin plated i those 
stainless steel are passivate All gene - I ~ 


quire a colored chromate post-plate dip idn 
plated parts as previously noted. and tor this reas 


MS references may not be u- 



















MS 35251 and 







3 


coe idl bidid | MS 
ae | | 1 MS 
ed | MS 
| KAC 
| | viv 
el | 
D | 
ran nead } 
| 
»~», 
© \ 
N | MS 35188 thr 
a aa Mi> 33! u : : ' ; ' 
o i| NT Hitt MS 35203 and Used where head projection would be objectionable er. Duperse 
Oo SS TTT TT ee FT ee = 
SST HT MS 35237 thru ee teen are Seen Tee 
p jt WV panel thickness of |!/2 times head height recom- 


MS 35262 


mended for strength 








seem 








\e 99° to 101° 


100 Flat head 


ES a a. Sa 


















Widely used in thin and or soft materials where the 
82 flat head is not desirable. Increased angle dis 
tributes load over larger surface and is adaptable 
to thinner sections 


Increasingly popular type for 


thinner materials used in air 


borne equipment 
















PT lM kd Mee) 





i 
Military Reference 


Function Remarks 


or Source 




















i 
i 
a t a pekconitieeic meade — aes 
| 
| a Preferred type specified in | 
pe spec 
' | , = - | 
= | Used in applications where the small head diam is MIL-E-4158. Military draw- 
ea desirable due to space requirements. May be as- ngs MS 35361 and MS 
en sembled close to other components. May also be 35366, however, declared in 
<3 
used in counter d holes active; use pan head or drilled 
| r 
Tel hae: bal | 
eg to | } 
” i 
| 
a —+——- 7 cis esnips Faia casemate aii 
2 
Reta 
re i 
a 4 
Same as ster head except tor drilled holes nina n 
Lig Site ocking fastener by means of wiring 
. j ov " . Se 
‘ ro ~y Y re rr 
t P - 
y EM ei aa a ‘ - 
- _— bs oe “— nf = -~ Ar 2 ar cs - 
tho a See Cote ee pea ee S d on MIL-E 
p Se mae 
field when a wrench may not be readily available 
tted hex j 














+ + aeons al ana ate niaaeneias — 
AYN TY NATTA Yin. 
ee | Has standard crew 
be - 22 3'enee'se - 
=, w cA r : 
VY AWAAN AAA AN 504 n d-cutting screw to n light gage st neet thread and nter 
AN 504 with + kr than Cc w diam with standard ma 
s + , rr | 
f = ) | 
- + t = —_—~4 


NAAN 
AY\A\VN \\\ 


AAA AN 50 Thread-cutting screw for use in soft metals such as s stands screw | 






i 
( 
£ 
c 
i 
< 
» 
o 
a 
O 
> 
“ 
+ 
o 
} 
Qa 
o 
a 


n 
z 
| 


g screw for use with plastics vv 





AN 530 
AN 531 


Sometimes used in plastics to 


ee 


thread cutting slot and widely spaced thread redu 
: a 


ten i ¢ nm insert 
ures in brittle materia eliminate need tor a se 
































“1° ei : I 
Description ” oe ear Function Remarks 
or Source 
©®))))))))) 9) Permanently fixed threaded stud f 
= oft mate 3 - sc aluminum P 
2 nes. Threaded inte Also available in selt-tap 
Rosan 2” —_ x pina ersion 
by means of serrated ring. Lock ; Poe - 
nto sl with serrat 
out g the stug in piace 
1) Rosan stud 
a iia : hens = aaenemneceesicmisommimenseds . semen 
A ; 
- © ava c n minia 
wo fF assembly in 
+ + + + + c “4 
= souiincmatil 
ave a tud furnished 
abet - cencelncsbigieall 
ere si 








6 f a< for yu ste. 6 r on protection and or 
stu Corrosion protectio do 
core tions located on either side J tinishing operations applied 

Bolt projec ce = leas 7 aa 


(4) Weld stud 














Description Military Reference Function Remarks 
or Source 
High strength fastener requiring a minimum of 
MS 35455 thru space. Internal socket des gn eliminates wrench Driving socket may be e ther 
MS 3546] clearance requirements. Alloy-steel type allows re- hex or fluted. Often used in 
duction in size of fasteners for weight and space counterbored holes 
savings 


Socket head cap screw 











Two set screws at an angie of 

D s parts 90 or 120 deg should be used 

in relative position to each other. Slotted and sock- with at least one screw bear- 

oe et types allow for flush surfaces. ing on a flatted surface for 
oor 


maximum holding power. 


Fastens collars, knobs, etc. to shafts or hold 


S 


et screw 


(Continued on next page 
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miscellaneous screws (continued) 


+ 
a 
RAMON hn 
RUAN ons x 
aw 
——_—+_—_—— - ——__—_—__—__—_+—_—_ 


i Uy 


| 
o PAY 





\ | Son nla ockwash 
nd i y in tapped he - 
F 3 w and lockwasher tor mass pre 
j n and other operations wh peed and cor 
fact Any type head wit Shae 
or tooth ty nah availab 


a 

‘ o os 

= sea lr iu ~ rs 
eT j stiecs 





w 
o 
WI 





Nid MS 35337 
MS 35338 
MS 35339 
MS 35340 
Lockwasher-spring 


a bearing surface and protects finished 
surfaces during assembly. Most common use is to 
provide bearing surface on large or elongated holes 

















Remark 
M 82740. A - na 
a rete ielceeea' cad 
$4 walncl Sinctien 
MIL-F-18240. A na 
f - ieee ackina 
~ is- 
é <u king 
ry inc- 
] ; t f 
- ~ j ers 
sings 
Ss ss stee berv 








‘ . 
Use of flat washer under tooth 
type lockwasner to protect 
tinisn reduces lock efficiency 





Prevents loosening of fasteners suchas screws or bolts 

tension protects against and com- 
pensates seness resulting from wear, screw 
elongation, and vibration. 


Most common and preferred 
May be 
used with plain washer with- 
out significant loss in locking 
power. 


type of lockwasher. 











washers and rings (continved) 





Description | Military Reference 
| 


Function Remarks 
or Source 





Since the teeth are on the 





For making electrical bonds for suppression and ex- largest possible radius, this 
| MS 35335 ternal grounding purposes Also prevents loosening type provides a greater tor- | 
| -. of fasteners. Teeth of washer bite into both fastener sional resistance than internal | 
and panel when pressure is applied. tooth type and is preferred 
for locking. 


Lockwasher-ext. tooth | 


| . : Not recommended for use in 
| Used with small head screws and electronic com- : ; 
| ‘ : id d “tech Al applications where tastener 

| } nen uch v me ntr n wit _ Al . 
| MS 35333 | is . Y di -” = ~~ n = + desi ble mounting-hole clearance can- 
| common ed in applications where | ir 

MS 35334 ommonly used in applications e it is desirable not be kept to @ minimum so 

to hide the teeth. 


that teeth may bite into pane 





Lockwasher-int. tooth 


i 


Lockwasher-csk. tooth 








aa Countersunk diam in panel | 
MS 35336 Used with 82 and 100 deg flat head screws. Gen- wi? 8 _ , 


ae ; : should be enlarged to com- 
MS 35790 erally used to lock fasteners used in tapped holes 5 3 Pre 
} pensate for washer thickness 











Precis; Wieeteil “Bashers  igitth 
recision . ' ‘ : 

Rubbe Prod Provides seal under fastener heads against most threads close to the head and 
| r r . . j 

| fF . tlie c ” gases or liquids. Washer and seal are bonded, mak- nominal bolt hole clearance 
a.” ing it a one-piece washer are not adaptable to this type 
Wolfe ee 

(26) Seal washer | 4 





| ; ; ' as \ Bowed and beveled designs 
Provides an artificial shoulder within a bore so that ; a g 
| '- nee L: ; Lo! also available tor taking up 
cylindrical machine parts or components may be held ; 
| . . 1 . . end play. Rings are removable 
| or positioned within the bore. Axial applied with ery 
MS 9014 | . . i: : \ : ' and reusable. Loads deter- 
special contracting tool inserted into holes in each ; : 
} ° Oo | . > ‘ ° : mined by shearing strength of 
end of ring Tapered design permits ring to main- : ; “a : 
| . ; é | housing or ring, whichever is 
| tain constant pressure against groove in bore. | 
- : ess. 
} r + 1 i 
(7) Internal re aining ring | 


| Provides an artificial shoulder on a shaft so that cir- 
cularly bored machine parts or components may be 

MS 9012 held or positioned on the shaft. Axially applied with 

MS 9013 special expansion tool inserted into holes in each end 

of ring. Tapered design permits ring to maintain 













Variations for taking up end 
play and for locking are also 
available. Rings are remov- 
able and reusable. Loads de- 
termined by shearing strength 
of shaft or ring, whichever is 


constant pressure against groove in shaft. 
ess. 


{7) External retaining ring 


Waldes Provides large shoulder on small diam shafts. Used 
Kohinoor to replace cotter pins, screw-fastened collars, ma- 

Industrial chined shoulders and nut-washer assemblies. Radi- 
Retaining Ring ally applied with special tool which grasps ring. 


(27) "E" ring 








Variations for taking up end 
play and locking available. 
Rings are removable and re- 
usable. 


114 (Continued on next page) 





muts (continued) 











Ord and LY Te (continued) 





5 
fn 4 nciion Remarks 
Description 2 u ° 
| or Source 
$—$—$—— —- cae 
ic _— $$ Ss $$ $$ cc ESE oa culactieeiamagalin 
| 
SAS 
/ \ | Provides permanent shoulder on shaft, stud or similar 
(S \ | N alde See : - 3 Cannot be removed witnout | 
- | . . = << ne « naAc | 
Cc component. Axially installed to assemblies exposed hs Sa Sh te OOO a 
| Kohinoor 5 Gemaging g or compone 
} “2 / to moderate thrusts, impacts or vibration loads. King ¢ an eS 
| f Fastex : 7 ang rnererore is no eusedie. 
= doe not require aroove in shat? 
} eee! do ° quire groo sha 
Locking ring 
ii eel 
EE : i es specie 53 
| P aa ; 
| \ Provides shoulder to retain sma ghtweight com ~ommonly used to captivate 
\ j chins ponents. Installed in groove about half diam of ring crews with externally relieved 
ee RING made of white viny! plastic dod | 
o£ 
8) Plasti-ring 
La. —— = — — a —_ _ enemas a ee 
' = tin Howeve st 
‘ i | es owe ost 
| the tvpes s! \ ¢ et ested ‘ thre \“ ter 
sg. ~ , t< ; re? , tte. t ws 
i i > g ul } i } 
+ Se 
4 21 j K-W astie = iux iry clé < is 
‘7 ' + ) + , 9 r 
f ~ KCC] oO ] u < ) ertormance é 


lication. Probably more varieties of nuts are available jtary Specification MIL-N-23027 which superseded AN- 
i inv other fastener product to accomplish t nun N-5 and AN-N-1O 
is requirements Basica Vv. they may be divides { Fixed Nuts. | < < tvope of nut which s rigidly 





ene s-ificat Ss: pla ! cking e-fixed to the esis f g. riveting I ing 
h vith possibly a subclassificatior fixe staking. This t is Intended for app ons 
fixed each classification. vhere the metal is t thin or too soft to tap where 
Self-Locking Nuts. \ <elf-locking nut ntains some space is limited « seCeSS t has advantages in as- 
eans of gripping the threaded member so that relatiy sembiv and repair s the screw in be installe blindly 
rot retwee the nut ane the threaded member — witt it the necessity i hand gz the nut 
npede prevented, Specifications state that selt-lock Material and Finish. Materials and finishes for nuts 
ne its ‘ removed ind eused : thes <ame ae P 


e same as (hos ised n screws and studs 





Military Reference 


7 


unc Remarl j 
or Source Ms Wa 





Most common and best known type for u 


ft 
o 


or use in shear ap- 


eral applications. Available in various 


= 


ww 





S 356 f 
3 srious plications or for volum . 
S 35650 and dimensions across the flats. For fu g 7 eae ts ae 2 
¢ 2 - . es e eae trols, etc., where fu trenath 
MS 35690 thickness should equal a minimum of 80 per cent of oo ? 2 


| { s not require 
| screw diam _ 





03 03 
Nut fiber, is made with the inside diam smaller than the mensions. Not Sdendled for 

Greer Stop major diam of the screw. As the screw threads enter se in temperatures above 
Nut 

Townsend 










ne 
uw 


this section, a mating thread is impressed. Elastic 
memory of insert provides a constant friction grip 
on screw threads 





0 F. Fiber insert type does 
not have as high reusability 
characteristics as Nylon 


T 
| 
ar bia ca e% . 
Elastic Stop Non-metallic insert, which may be either Nylon or MS 20364 and MS 20365 di- 
i 
| 
| 
i 





(9) Self-locking 
(non-metallic collar) 


Continued on next page 








muts (continued) 











To obtain load bearing threads in thin sheet. Nut is 





1 To ; Also has rouna head design 
pressed into pre-punched hole and staked. Staking 3 
re se ' ; ar : ; Adaptable to hign-speed as- 
Vly rip displaces material required for ocking nut To sheet : ze 
: sembly with rivet-type ma- 
and serrations on cutaway portion prov de torsiona a 
resistance ee 
eis — —_ science ccapatieaniaaraiaiiale 
. btain st hreads in alumi ' 
DOA Ai necee * nga s _ ee a —_ or an ge Adaptable to high-speed as- 
Sse -punche . > ' 
Penn Eng. ie — into re P nc - aia - ake . sembly with rivet-type ma- 
& Mfg. ee eee ee ee chines. Do not use in steel. 
shank and four prongs provide torsional resistance. 
0: Sor Rita Olathe” (Continued on next page) 


RING, November 1956, p. 104 





SL ee 

















e 
~~ So oo 
hye rT 
.. a ee 
= , _ 7 + 
ne x CS oO o m oing 
“ d dan h h be installed blind 
. - - r ani io - 7 - 
Ww ossibility 
work p cannot b ated. May tc 5 
g or w on 
O crion weiced 
fn 
c 
Elastic Stop 
Nut a bs rn an 
Nu e. ved type except n Rn a Also availac ous 
Boots Aircraft g on and 
within basket con on +0 compen 3¢+e for po ge ore 
Nut asket c c o¢co a or po recebay ae 
” cir ~ ane r Cc Rn r Ie . 





Kaynar 





NE 19 Continued on next page) 





mutts (continued) 


Description 
or Source 


Military Reference 





To obtain load bearing threads in thin steel 
Pilot serves to locate nut ce in addition h 
Nut is projection t 


n work p 
to protecting against weld splatter. 


welded to sheet. ng. 


sheet. May have either round or hex 


ead design. Finishing opera- 
ons must be done after weld- 


3 





T oad bearing threads in thin ste 
design with four projection 


oO sheer, 


o obtain 
sare 





In materials too soft to permit th 


hearing o1 threads. 


soft 


wear-resistant 
Materials in 


aluminum. cast 


used. this category 


and cast and torged 


ron 


Inserts may be either 


ing cut in their external surfaces 


internal surfaces) or linings 


wire. There are more variations 


ternally threaded type than any 


- i 
litary Reference} 


or >ource 


Inserts 


made ol 


other, 


culting 


include 


nag 


bushings with threads o1 
and threads on 
heli 
available 


They 


i 


geese 





MS 122076 
MS 122275 
and 
MS 


thru 


| 


nesium. 


il coils ol Materials 
of the ex 


are locked 


tapped 
in dritled or molded holes. 
in drilled or molded hol 
part. Helical coil inserts are inst: 
holes and provide a wear-resist 
threads. 

Self-Locking Inserts. Inte: 
generally may be obtained 


Phe 


ussed 


ot load- 
with the 
ocking mav be achie 
self-locking mt 
ipplicable to insert desi 
intended t 


ments specified for self-locking 


may 


wrought serts 


cast unde I 


alist 
devices 
knurl- 

thei 


ments are generally 


ind finishes 


those used for screws and nuts 


a : 
steel the most commonly found 


used tk 


illed 


ant 


nal self-lock 
rity of the ava 
ved by any of 
its in addition 
gn. Self-lockir 
o meet miltti 
uls. 

yr inserts 


le 
steel 


. with 








Screw-thread insert coiled from stainless steel wire 
with a diamond cross section. Inserts are assembled 
in pre-tapped holes by applying a torque to the 
tang, which is the bottom end of the coil offset to 
provide a simple driving member. Requires space 
only slightly larger than the nominal screw thread 
diam 


Also made of phosphor bronze 
Available in various 
lengths up to 3 times nominal 
screw diam. Helical 
with self-locking coil in mid- 
dle of insert are also available 


wire 


inserts 





Tubular bushing with threads cut on both interior 
and exterior surfaces. Locking ring consists of ring 
with serrations on both ID and OD. Installed by 
screwing into hole and then locking against rotation. 
Locking ring is pressed into position with inner ser- 
rations engaging insert and outer serrations broach- 
ing the parent material. 





+ 


Shown is self-tapping variety. 
Also available with 
self-locking feature. Locking 
ring may be omitted to re- 
duce space requirement and 


internal 


thread fit principle used to 
lock insert. This type known 


as ''Inserto.' 


(Continued on next page) 





inserts (continued) 




















Groov-Pin 
35914 


M 


tentative 











the + ching h 
y eaced Dusning Nav 


ocated on the lower exterio 
na pre-drilled or molded hole 
narent matetial when screw piastics, castings and m 
parts where fins 
penetrate 


Fins provide holding p 
materia 








Internally threaded bushing that has four 

s knurled on the outer surface. Four-eare eade | Ingerts are made of brass. For 
included with insert. Insert is placed into m | use in softer materials such as 
drilled hole and spreader is driven downward. Inse |} plastic parts after molding 
is thus expanded and knurling imbedded ° and die castings 


sides 











rather than tensile, loads and where pre 
for solid rivets would 


sheet. When assemblies 


ssures required 


buckle or otherwise damage the 


are composed 1 


» material, the rivet should 


fin 
hall 


etal sie ‘ In ( ombinations ot 


I 


et 
Blind Rivets. Ih 


| itie where there 
Rivets d to t permanentl { 


vet head should be placed 


rr omore 


sim 


intended 


faster 


ipplicall 


ular Rivets. | 


parts 


Available trom 
numerous 
sources. Gen- Permanent fastener that also provides a pivot or 
é rally obtained be aring surface for free motion within joined mem- 
from semi- bers 

tubular rivet 

suppliers 
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rivets and pins (continved) 





Description 


Military Reference 
or Source 


Remarks 







































































aoe aaa = stance amelie ———— 
| i 
Paes i | 
’ ‘ 
4 , 7 DS rn f < r r n 7 pr « namin 
\ , Quarter-turn fastene ed in thin materials and Stud captivated to outer pan 
~ turize > nents where standard MIL-F-559 
Candee taturiz a equipments wh standard L-F-354 el by use of retaining washer 
; te > > ot ? ¢ a1) € in r | 
Te ne asteners are not adaptab Availab vario Camloc type Seated. saith 
head style to meet most requirement 00 Ib ERR 3 aE Ta 
tensile and shear load with 3 in. rivet spacing 
(19) Quick-operating 
miniature) 
— ————$_$_$__—_ —_}+—— _ +- ~ 4 oom 4 
Ouartansuin Sectenet that atl dock-nod sale ins 
| quarter turn. This is smallest size covered by MIL-F Camloc ty trated, witt 
amloc 2 ze 4 
rn = 5591 with a 200 Ib d tensile and shear load. 3 other tyr milar. Stud y 
| vz 
| ins geil: dike sein ‘cans weenie iis ue tances dk or m nat a ak 
Monadnock | ees F ‘ie 3 w a C ay “ 
L n. lat mo nt. Available in vario 3d ocked d nding t 
| ty 
9) Quick-operating 
size No. 2 
i 
te —_———+ - - ~ + _ - + 4 
| | 
i c a 
C lb rated ten and ar load fast { 
mioc tastening hinged and comer ¢ y removabie pan Sautheon é¢vuer trated wit 
@ ° C ction ng and unlockin complished in other tyr milar. A at 
suthco » quarter turn of the stud. Rivet spacina n d te Meinieete Rakieall “ok all al 
Monadnock > cation na hiat ds than acc + parts a etained 
at with No. 2 siz 
mio wi 7 r “ . ¥ ty y a* a witr 
n apo ations rea na h d ctranath A 
3 5 y sr. Ava 
ae e: ae ee ele ae Se at 
co - _— . n va nead sty anc 
ss - hoad <4 2. f +h oe 3 S 
2. A a y Viay 9 oe ae fe 
v 3 x va 3 3 4 
= + 4 4 
ins Quick operating fastener designed to NAS 547 - ‘ benibed sat 
ov quirements for high strength applications that re oth +y mila nd - 
outhco quire a fastener similar to MIL-F-559!. This tyr and prin Availat r 
Wald ntended for structural loads w sheet separation ous h ty and 
Kohino cannot be tolerated part retained 
-—— eon - a hee - _ _ = = NS — + — _ 4 
c 
| ~ tandard <ize ha a il 
Captive thumbscrew assembly ed as a pane “i er ae ae 
astener to permit simple removal and assembly of tending 3 8 in. below p 
I rae eae aaad 
fall panels to cha and trame Screw retractable 7 € a vee oe 
n . ne tactener. Lonaer lenath 
within the bushing and made captive by means of 3 LONG 3 
ee - Mating fasten 
| a plastic oO na. Screwhead otted and kn ed aiso availabdie. Mating taste 
for either screwdriver or thumb application er may be either tapped hole 
clinch nut or anchor nut 
20) C ve thumbscrew 
oe - a —— _ + a SEE nae ace — _ —_ _ 4 
Advantages ide elimina 
Fastener consists of a swaged-in-place sleeve, a bolt tion of loose fastener parts on 
with both a threaded shoulder and shaft, and a small assembly or repair bench and | 
spring. Two threads at top of the swaged n-place quick detach features. Bolt | 
sleeve accommodate threaded shoulder of the bolt. has hexagonal, slotted head | 
| 
Two turns of the bolt carry it through threads to be- permitting use of either screw | 
Moran come ‘captive’ within sleeve, held in place by a driver or wrench to attach or 
‘ ee ' \ 
= = small tension spring. Sub-assembly may be tightly detach sub-assembly. The 
fastened to a major assembly by turning bolt into Moran Company is licensed 
tapped holes or other mating fasteners until bolt by Northrop Aircraft to man- 
ok tightens on a shoulder in lower part of sleeve. ufacture and market the fast 
(2!) Captive fastener | 
ener assembly. 
= pdicnioasiicaeil lianas —_— = ‘ yilbnenase 











costs I Various assel pera = Us g I gy as 
tees 
basis 
Operatior Per cent 
ase YY Dr llir LOO.0 
lapping O09. 
Riveting— solic 62.5 
¢c¢os & Riveting tubula 2 5 
Riveting—2 solid e part 146.0 
f +3 ' ne} Screw, nut and k . | 
| t ipproximate comparative costs. giver as pe ad 
Sore and cknut Latebo 
centages. of making typical assemblies using fasteners pe 
' | coi » Screw a k S Ou 
vered i nis article are shown in the tollowing charts ‘ 
q Ch ' 62.0 
The costs nelude the original st of the tlastenet! ind s 4 
WW ie ) 
th I olved it iking the assembly. Lal sts - 
( xt j 
¢ based « hand iSSeTl Vv methods and the =f , 
We st =O () 
; sel act ve of Component parts is ' ide 
Pests i 0) 
ese figures st} ild ‘ ise { DI . os eo pg 
Insert id - 20) () 
piatis Purposes i Ss thie sia t 
° () k f S ri) 
=f ] \¢ | trie Va i es I t exist tt . 
I { nad ise! | perat = | I | the t =s st< p é ts w 
S i 1 e secre , ¢ S s : sis is Ss \ ises pa é 
j ; 
. I Kl! lelv equa It he =! | G ~ t ‘ = =! oO K - 
j Howe er. tap} < f S t tt she co < sed (My) rye 
| { s and nm su cases re é t It = i sus S S (> (VO) i 
< ¢ embere that ' sts ‘ < 2 Vc 1 all | ~ 
ent eas the s 1 f 
Us ee Re IM ig ii) 
. 
. 

















yy 





typical fastener assemblies 


with comparative cost information (continued) 
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Effects of Radiation Environment on 


tructural Metals 


The mechanisms of radiation damage are 
presented, with charts and graphs. Metals 
and alloys able to withstand harmful ef- 
fects of radiation without compromising 
original properties and characteristics spe- 


cifled in equipment design are discussed. 


ALVIN BOLTAX 

{pplied Physics Laboratory 
NucLearR Metacs, Ine 
Cambridge, Mass 


RADIATION DAMAGE is becoming a major problem in the 
development of electrical and electronic components 
capable of performing reliably in a radiation environ- 
ment. 

Early predictions were that high energy particles and 
lattice ions would cause permanent damage to met- 
als.(1)* The first experimental verification was obtained 
with graphite. which was a basic part of the first nuclear 
reactors, Since then many radiation-damage experiments 
have been performed. and a great deal of information 
has been accumulated. Some of this information will 
be presented in this review. 


. 


TYPES OF RADIATION 


[he radiation within a nuclear reactor consists 


mixture of fast neutrons. slow or thermal neutrons 


gamma radiation, beta radiation and fission products. 


The main source of radiation is the nuclear fission re- 
action Fig. ] which occurs when a slow neutron and 


1 uranium atom combine. These types of radiation and 





their energies are listed in Table I. Other sources of 
radiation. and their production. are listed in Table II. 

\ relatively small number of the types of radiatior 
described cause appreciable damage to metals. Fast 
neutron irradiation is the main source of such damage 
ther than that in reactor fuel elements. Fission fragments 
do not contribute significant damage because their maxi- 
mum range in solids and liquids is less then 0.001 in. 
Beta and gamma radiation effects are transient in metals 
and therefore impart no permanent damage. Protons, 
deuterons and alpha particles from sources other than 
the fission reaction can cause extensive radiation ef- 
fects (2) in metals but these effects, similar to those of 
fission products. are confined to a small range. Con- 
sequently, because of the great similarity between damage 
effects of these particles and those of fast neutrons, a 
discussion of the details of damage by fast neutrons 


nly should be sufficient. 


MECHANISMS OF RADIATION DAMAGE 


There are three major causes of radiation damage in 
solids. The most important source of damage in metals 
is from elastic collisions between neutrons and atoms of 
a lattice. This type of damage may occur at relatively 
great distances from the source of the neutrons since 


the probability of capture of a fast neutron is very low 


Total energy (mev) 

. : . F on fragments — 70 
Fig. 1—Schematic representation of uranium fission reaction x s ents - 
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Glossary 


Aging: A change in properties of a metal or alloy that 
generally occurs slowly at low temperature and 
more rapidly at higher temperatures. 

Annealing: A heating and cooling process whereby 
a metal is softened. 

Bulk modulus: Modulus of volume elasticity or the 
ratio of compressional stress to volume strain. 
Creep: The flow or deformation of metals held for 
long times at stresses lower than the normal yield 

strength. 

Critical shear stress: The stress value at which 
plastic deformation begins. 

Fatigue: The tendency for a metal to break under 
conditions of repeated cyclic stressing considerably 
below the ultimate tensile strength. 

Integrated neutron flux: Nvt—the total number of 
neutrons per sq cm. 

Interstitial: A structure occurring when a moving 
atom comes to rest in a region of the lattice where 
all the available normal lattice sites are occupied. 

Mev: Million electron volts. 

Neutron flux: Ny 

Ordering: A_ reaction or 


neutrons per sq em per sec. 

transformation in solid 
solutions in which a random arrangement of solvent 
and solute atoms in a crystal is replaced by a reg 
ular or ordered arrangement of the different atoms 
on preferred lattice sites. 

Precipitation hardening: That process of hardening 
an alloy in which a constituent precipitates from 
a supersaturated solid solution. 

Thermal or displacement spike: A region of multi- 
ple displacements formed when the mean free path 
of the primary recoil becomes one interatomic 
spacing between elastic collisions. 

Transition temperature: The temperature at which 
the mode of fracture of a specimen changes from 
brittle to ductile. 

Vacaney: A space which is formed when an ion is 
removed from a lattice position. 


Table I—Types of Radiation from Nuclear Fission 
of Uranium* 








Type of radiation Description Energy range 





Fast neutron Particle with the mass 0.252 Mev 
of a proton but no 
nuclear charge 
Slow or thermal Same as fast neutron 0.04 ev 
neutron 
Gamma Electromagnetic ~1 Mev 
radiation 
Beta Electrons ~1 Mev 
Fission products Elements near atomic 60-95 Mev 
number 100 
*Each fiss reactic re : ximate 04 
200 Me : 


Table ll—Methods of Production of Radiation 





Types of radiation Method of production 


Protons Cyclotron and Van de Graaff generator 
Deuterons Cyclotron 

Alpha particles Cyclotron 

Electrons Van de Graaff generator 

X-Rays Van de Graaff generator 
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and the effective path length is large at high neutron 
energies. This means that parts of a reactor other than 
the fuel will be affected. Therefore the moderator. shield. 
structural and electrical components. and auxiliary equip- 
ment can be damaged. 

The second source of damage is through ionization 
recoil atoms traversing the 


effects caused by primary 


material or by beta and gamma rays. lonization effects 
are of consequence mainly in nonmetals such as di- 
electrics and organic substances. (3) 

The third source of damage to solids arises through a 
transmutation process occurring when an atom captures 
a neutron and is changed to another species of atom 
Such an occurrence. for example. arises when boron 
captures a neutron and is changed to lithium with re- 


lease of an alpha partic!e. This reaction is responsible 


tor embrittlement of boron-stainless steel powder dis- 
creat 
importance where most metals and alloys are concerned 


because the 


persions. This mechanism. however, is not of too 
foreign atoms introduced by transmutation 


generally do not cause large property changes 


Damage By Fast Neutrons. he principle caus 
of radiation damage in metals is due to atoms displaced 
from their equilibrium lattice positions. The problem of 
calculating the number of atoms displaced per incident 
neutron and a description of the types of nuclear and 
atomic interactions that cause displacements are sub- 


jects still under intensive theoretical and experimental 
study. The following summarizes current theory of ra 
diation damage in metals. 

The problem of determination of the number of dis 
placed atoms may be considered by examining the first 
collision between a highly energetic neutron and a lattice 
ion. The average energy transmitted to the lattice ion 
is given by: 


2E.mM 
V+m) 


where E,, is the energy of the neutron. M is the 
of the ion. and m is the mass of the neutron. Fo 


mass 
r exampl 
when a 2-Mevy fission neutron collides with an iron 
atom. a primary recoil atom of 60 Key is created. Col- 
lisions between neutrons and lattice ions account for only 
a small part of the damage actually produced. The re- 
coiling atoms produce most of the displaced atoms. 

The sequence of events which could occur when a 


high energy primary recoil atom crashes through the 
lattice is shown schematically in Fig 2. When the energy 
of the primary is greater than a certain threshold value. 
it loses energy by creating single isolated vacancies and 
interstitials. and by ionizing electrons of the metal. A 
vacancy is formed when an ion is removed from a lattice 
position. An interstitial is formed when a moving atom 
comes to rest in a region of the lattice where all the 
available normal lattice sites are occupied. 

As the energy of the recoil atom decreases. the va- 
cancies and interstitials get closer together until finally 
the mean free path between elastic collisions becomes of 
the order of one atomic spacing. and a region of mul- 
tiple displacements is formed. The multiple displacement 
region is called a “thermal spike”(4) or a “displace- 
ment spike.”(5) In both concepts a region of the order 
of 1000 to 10.000 atoms is believed to undergo local 
melting and mixing for a period of 10°'° to 10°'' sec. The 
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result is a rapid heating and quenching of a small volume 








Fig. 2—The five principal 
mechanisms of radiation 
damage. Represented are in 
tense jonization, vacancies. 
interstitials, impurity atom- 
and thermal or displacement 
spikes. Grid-line intersection- 
are equilibrium positions for 
atoms. (19) 
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Fig > schematik repre-entation otf radiation effects on lattice 
structure of pure metals 
A: Irradiation at low temperature, illustrating production 
of single vacancies and interstitials. 
B: Irradiated metal after warming to room temperature. 
Single and multiple vacancies are present. Highly 
mobile interstitials disappear by diffusion to grain 


boundaries, by dislocation, or by annihilation with 
vacancies. 


Fig. 4 Schematic representation of radiation effects on or- 
dered alloys. Alloy shown is binary, 50-50. 


A: Ordered alloy before irradiation. 


B: After irradiation, alloy is disordered. Empty spaces 


are vacancies 


Fig. 5—Schematic representation of radiation effects on the 
lattice structure of an aged precipitation hardening alloy. 
Precipitate particles are below 50 Angstroms (20 x 19° in.). 


A: Before irradiation Intersections indicate position ot 
solvent atoms. 


B: After irradiation. Number of atoms in solid solution 
increases and average size of precipitate particles 


dec reases, 
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result is a rapid heating and quenching of a small volume 
of the material. 

In pure metals. a fraction of the atoms will be left 
in displaced positions after the cooling of a spike and 
the end result is equivalent to a localized production 
of vacancies and interstitials. The rapid heating and 
quenching of the materia! in alloys or compounds may 
promote local atomic exchanges and thereby leave the 
material in an a!ttered state. even though most of tht 


atoms have returned to lattice positions. The best known 





F example is the disordering of ordered alloys by irradia 
tion. (4. 6) One other important. but less well know: 
example is the re-solution of precipitate particles of the 

D.4 F order of 50 Angstroms (20 x 10° in.) in diameter, (7 
Figures 3. 4 and 5 show. schematically. the form of 
= ' ‘ \ i i ' ' Ll gill lattice damage remaining i pure metals and allovs afte 
+C 30 2 € 4 28 irradiation. 
Temperature, deg k Annealing Effects of Radiation Damage. |t« 

Fig. 6—Deecrease of bombardment-induced electrical resistivity diation damage experiments at temperatures as low as 

of copper, silver and gold. Specimens were warmed slowly from 20 to 50 K show annealing effects (: that Is. part ol 

liquid helium temperatures. (9 the damage will disappear with time at these tem 








OXIDE DIODES — 


POLY TETRAFLUORETHYLENE — 


loss of tensile strength 


POLYMETHYL METHACRYLATE 
AND C LULOSICS — 


loss of tensile strength 


AND LEAST STABLE ORGANIC LIQUIDS — 
gassing 


SILICON DIODES — 


1oss @ rectilication 


BUTYL RL 





MAGNETIC MATERIALS — 
significant changes observed . 


METALS — 


most show appreciable increase in yield strength 


CARBON STEEL — ; 
reduction of notch-impact strength 









CARBON STEELS — 
severe loss of ductility, yield strength doubled 





NATURAL RUBBER — 
large change, hardening 
CARBON STEELS — 


increased fracture-transition temperature 





HYDROCARBON OILS — 


increase in viscosity 









STAINLESS STEELS — 
yield strength tripled 


ALUMINUM ALLOYS — = 
ductility reduced but not greatly impaired 


A——102)| —_ 
| 


CERAMICS — 


educed thermal conductivity, density, crystallinity 





STAINLESS STEELS — | ™ ALL PLASTICS — 
ductility reduced but not greatly impaired | 1022 aay 








unusable as structural materials 





Fig. 7—Radiation-sensitivity of mechanical properties of materials. Levels indicated are approximate and subject to  varia- 
tion. Irradiation dose is in epithermal neutrons and indicated changes are usually at least ten per cent. (16) 
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peratures The reason for annealing at these low tem- 


peratures is hased or the relatively high lattice mobility 


of vacancies and interstitials, with interstitials possessing 


the greater mobility. In terms of the model presented. 
this means that ever it low temper itures the excess j 
terstitials and vacancies reated bv irradiation will be 


moving through the lattice and might possibly annihilate 


nie inother aif they became near neighbors W hen 

Vacaney-interstitial pair is ant ihilated. local lattice dam 
age decreases, This may be reflected in the change of 
i physical property such as hardness or electrical resis 


tivitv. Figure 6 illustrates iow temperature innealing i 

rradiated copp sliver and £0 | is the specimens were 
warmed slowly Iron quid) = heliun temperature } 
leg K 

Actually. the innealing damage processes are ol 

siderably more compl ( ited thar des ribed above il a 
ire a subject of considerable discussion. Some exper} 
ments indicate that single interstitials alone do not 
cause annealing at temperatures below 50 K_> but that 


possibly other. still ur k1 own. tvpes of lattice detects are 


responsible for this effect. 


One other sour t idia t immnea gy 1s reated [ 

the b mbarding particles Ar hilat n of tattice detect- 
\ 

Cal ] therma r displacement spikes and throug 
the motion of re¢ | atoms in the neighborhood of v 
cancies. An example of this phenomenon is the satura 
' } } f +} + ] sat + 
tion behavior of the increase otf electrical resistivity 
opper during irradiation at low temperatures 


Experimental Radiation 


_ 
Che variables in 


Damage Variables. 


! 
a radiation damage experiment can now 


} 


be appreciated since thev are clearly related to the bas 


mechanisms just outlined. The five 


low, with appropriate units. are important for metals 
1. Neutron flux (nv. 
2. Integrated 


neutrons per sq cm 


neutrons per sq cm per se 

neutron flux nvt. total 

3. Energy spectrum of the neutron fluy 
volts). 

1. Irradiation temperature. 

>. Measurements made during irradiation (in-pile 
vs post irradiation. 

Of the five 


additional 


isted. only the first and _ last 
deter- 


variables 


require comments. The neutron flux 


mines the rate of production of damage and may be a 
determining factor in rate-sensitive properties of metals 
such as creep. An in-pile test is one in which property 
changes are measured while the material is exposed to 
a reactor environment similar to the one in which it will 
eventually perform its design function, whereas a post- 
irradiation test measures only residual changes which 
persist after the material is removed from the reactor 
environment. Depending on the type of experiment. the 
not be 


two tests may equivalent, and care 


taken in making inferences about in-pile behavior from 


post-irradiation tests. 


OBSERVED EFFECTS ON METALS 


Most metals show considerable mechanical and elec- 
trical property changes as a result of neutron bombard- 
In the 


structural alloys. some of these property 


ment. following discussion of pure metals and 
changes will 
be analyzed and an effort will be made to relate them 
mechanisms of radiation damage. 


Most | 


pecome 


to the basic 


Pure Metals. metals harder and 


JUNI 


should be 
f 


stronger atter bombardment by fast neutrons. particu 
larly if the bombardment temperature is low. In nera 
the softer the metal the irradiated condit the 
greater will be the increase in hardness on irradiat 
One of the most striking effects of radiati rie 
nical properties is the rease rf the ica! shea 
stress I single yppe vstals trom ar inirradiate 
iiue 1 250 ps te 10.600 ps iti sim ir results | 
ee! tained single stais ot iror ead and zi 
R idiat ! nara g is t nowever ePXCPE 
it obtained by conv t iim ns (cold detormat 
tf igh equivalent hardnesses have hee ichieve 
Studies single a‘ur im and copper 1/2 rvstal- 
ifter bombardment at at erature { 80 kK revealed 
that radia naraness ef < ! ilum un were ; 
ealed ut elow I te erature while temperatures 
f 300 C were require anneal out the increas 
itical shear stress pe This result supled w 
studies of many different etais. strong!v indicates that 
there is a relationship between diffusion and the temper 
ture stabilitv of adiat fects 1 pur metais: t 
lower the rates of selt-diffus liffusion of M atoms 
et MM ita eg en te De re the reater will e tl 
idiation effects. Thus. these | ments provide indire 
ie e% lattice lefects s is vacancies and inte 
stitials. since diffusi ise annihilation r ag 
g f t these é < i orda wit the 
eX De ta serval = 
pesides cha effects of neut 
rradiat or i l ¢ ther p perties f pure 
netais have beer stu | é rica esistivity 
ppe vas crease 3 25 per cent during pile 
idiation at 80 K. However. at room temperature, ir- 
radiatior I most pure metals iuses negligibl effects 
m ele il resistivity. Table II] summarizes some of 
the recent data covering the effects of irradiation on the 
electrical resistivity I pure metals. These data show 
that the radiation effects e greater when the self-dif 
fusion rate Is sma Details of the annealing behavior 


are still vague. but all the results support the simple 


picture of annihilatior r agglomeration of vacancies 


and interstitials. 
elastic constants is still 
is that the bulk modulus 


because interstitials should 


The effect of irradiatior yn 
theoretical 13, 14). Theory 
would increase on irradiation 
increase the bulk modulus by a larger amount than the 


same number of vacancies would reduce it. Experimental 


results appear to confirm this view. inasmuch as 1.5 to 


10 per cent increases in modulus have been reported. 


(F345 55). 
Studies of 
strated that 


erties such as strength. 


1iemon- 


prop- 
luctilit ‘SI ». elec- 
ductility, impact resistance. elet 


effects on metals have 


radiatior 


occur in critical 


large changes 


characteristics. Figure indicates 


trical and magnetic 
the sensitivity of many engineering properties to radia- 
tion. A comparison of metals and nonmetals. with re 
spect to the property changes as a function of nvt. clearly 
shows the relative insensitivity of metals to fast neutrons 


Whereas many nonmetals are made weaker or decompose 


after comparatively low neutron exposures, most metals 


become stronger on irradiation. This strengthening. how- 
ever, is not necessarily beneficial. because the ductility 
and brittleness of metals also increase with radiation. 
This is the basic problem encountered in designing struc- 


tural metal systems which are to be exposed to radiation 
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environments. Re-stated. the problem is to design alloys 
which will not suffer loss in ductility or become com- 
pletely embrittled during neutron irradiation. The solu- 


steels as a function of integrated flux. As in Fig. 8. the 
yield strength is observed to show signs of saturating. 
Figure 10 shows an interesting yield point in an austenitic 
stainless steel strained at a fairly high rate. The conven- 


tional stress-strain curve for this metal. as for most face- 
material and radiation variables which affect these and centered 
other physical properties. 

Structural Alloys. As an introduction to some of 
the effects of irradiation on structural alloys. it would 
be helpful to examine the results (/6) obtained on a com- 


tion of this problem will become increasingly clear in the 
future as the engineer and scientist learn more about the 


cubic metals. shows no yield point. Similar 
yield point phenomena after irradiation of face-centered 
cubic metals have been observed in 2S aluminum. nickel 
ind copper in addition to austenitic stainless steel. The 
appearance of a yield point during irradiation of a struc- 
tural material can be a difficult problem for a designer 


since sudden vielding might occur in a local overstressed 


mercial carbon-silicon steel. Figure 8 shows radiation 
effects on A-212B carbon-silicon steel. which is typical 


of irradiation effects on a wide variety of structural car- region. The yield-point phenomenon described is not yet 


fully explained. mainly because of the limited amount of 


information available. However. some suggestions have 


bon and alloy steels. Of importance is the point that the 
integrated-flux dependencies of the different properties 
are not the same. The yield strength and ultimate tensile 
strength values appear to be saturating while the transi- 
tion temperature increases linearly in this range of neu- 
tron exposure. This latter effect has received considerable stee! are shown in Fig. 11. After 10'° nvt. a slight rise in 
attention at the Oak Ridge National Laboratory. the fracture transition temperature is observed. A dose 

Figure 9 shows some yield strength data of stainless of 10 


been made which compare strain aging. as observed in 
iron or steel, with this irradiation effect. (17) 


Notch-bar impact tests on an irradiated carbon-silicon 


nvt produces over 100 F rise in fracture transi- 


Table Ill—Radiation Effects on the Electrical Resistivity of Pure Metals*** 


Irradiation Per cent change 


temperature, in electrical Total flux, Bombarding Energy, 
Metal deg K resistivity particles cm? particle Mev 


Mo 173 200 Deuteron 10 

300* 4 Deuteron 10 
Co, Ni tee"* 10 1017 Deuteron 10 
Fe 123 50 10'7 Deuteron 10 
Cu, Al 78 to 123 15-25 1.3 x 10'° Neutrons 
Cu 300 0.25-1 Neutrons 
Al 300 0 


Neutrons 
Pt 325 0.25 
4 


Neutrons 
Zr (crystal bar ~300 -7 Neutrons 
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fensile strength 
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Fig. 9—Effect of integrated fast neutron flux on the yield 
Fig. 8—Integrated fast neutron flux dependence of some me- strength (0.2 per cent offset) for types 301, 304 ELC, 321 and 


chanical properties of A-212B carbon-silicon steel. (16) 347 austenitic stainless steels irradiated below 200 F. (16) 
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Fig. 10-—Comparison of characteristic, Test temperature, deg F 
conventional stress-s train curves for ir- i : 
radiated and unirradiated alloys. Shown Fig. 11—Effect of radiation on impact energy of A-212B carbon-silicon steel norm- 
sre behavior of sustenitic stainless steel alized from 1900 F. Solid points indicate incomplete fracture and open points jn- 
normalized carbon steel and high purity dicate complete fracture. Maximum temperature during irradiation was 195 F. (16) 
iron, (18 
tion temperature. However. a more realistic approach strength begins to approach the ultimate strength and 
16) in the light of current thinking on unirradiated that large losses in ductility occur. 
metals would be to measure the spread in temperature Very little information is available on the effects of 
at some arbitrary. low impact energy rather than at the irradiation on the creep or fatigue behavior of metals. 


fracture transition temperatures, From the little data available. it appears that irradiation 
Some typical data on the effects of neutron irradiation does not increase the creep rate of most metals to any 


on some mechanical properties of specific metals are considerable extent and. in fact. slight decreases of creep 


summarized in Tables IV. V. VI and VII. The four rate have been of 


ybserved in Inconel at high temperatures. 


tables show. respectively. data accumulated from many 17, 19) Some limited data (22) show both small in- 
sources on various steels. aluminum alloys. and a group creases and decreases in fatigue strength in various 
of miscellaneous materials. The general behavior. similar materials. 

to that previously shown in Fig. 8 shows that the yield The effect of temperature of irradiation on many of 


Table IV—Effects of Neutron Bombardment on the Mechanical Properties of Various Steels 





Per cent Per cent 





Integrated change change Percent Per cent Hardness Cited 
neutron flux, Temp in yield in tensile change in reduction refer- 
Material nvt deg F stress strength elongation in area Type Change ence 
High purity iron + 72 + 3 18 
Armco iron 107° -61 67 15 Micro +88 21 
Normalized carbon steel ~ 86 +30 60 18 
Steel ASTM-A-302B 3.7 x 10'* (f)* 465 te 535 + 10.9 + 4.2 20 
675 to 725 + §.2 + 3.1 20 
SteelASTM-A-212,grade 10°? (f 140 + 30 + 8 18 + 6 16 
B carbon-silicon steel 10"? (f 570 + 14 +12 46 11 16 
102° (f 175 + 88 +29 ~77 — 60 16 
Steel ASTM-A-106 
Coarse grain normalized 10'9 (f 140 + 29.6 5.3 —20 1 16 
from 1700 C 2 x 108 (f 570 + 7 + 1.7 —12 1 16 
Aluminum, killed, fine 10'° (f 140 + 26 4 +15 5 16 
grain normalized 5 x 10" (f 570 + 9 4 +13 3 16 
from 1700 F 
Austenitic Stainless 4 
301 4 x 10'9 (f) <200 +126 +15 — 2 14 Rockwell B 14 16) 
302 4 x 1019 (f) < 200 +148 +17 Rockwell B 20 16 
302B 4 x 1019 (f) < 200 +142 +16 Rockwell B 19 16 
304 ELC 8 x 1019 (f) < 200 +210 +20 1 — 8 Rockwell B 26 16) 
305 4 x 1019 (f < 200 +122 + 6 Rockwell B 25 16) 
321 8 x 10'9 (f) <200 +190 +25 ~ Rockwell B 2 16 
347 4 x 109 (f) < 200 +160 +17 —13 —49 Rockwell B 18 16) 
*Refers t x 
JUNE 19 
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Table V—Effects of Neutron Bombardment on the Mechanical Properties of Aluminum Alloys 
[102° (fast) nvt, 150 F]* 





Yield strength (psi Tensile strength (psi Elongation data (% 
Pre- Post- 

Pre- Post- Per cent Pre- Post- Percent irradi- irradi- Percent 

Type irradiation irradiation change’ irradiation irradiation change ation ation change 

2S, annealed and recrys- 6,800 17,000 151.0 13,600 26,000 91.3 38.2 Za 44.5 

tallized % hard 16,600 24,000 44.5 17,300 26,000 50.2 6.0 5.5 8.3 

52S, annealed and recrys- 14,700 22,900 55.8 29,200 37,400 28.1 34.0 30.6 10.0 

tallized % hard 29,500 36,400 23.4 36,000 44,700 24.2 11.2 14.0 25.0 

61S, annealed and recrys- 9,500 25,600 170.0 18,000 37,300 105.0 28.8 22.4 22.2 

tallized; solution treated 38,500 44,400 15.3 45,000 50,600 12.5 17.5 16.2 7.4 
and aged 

54S, cold reduced 47,800 50,800 6.3 54,700 57,800 5.7 8.8 12.5 42.1 


50 per cent 








= I \ > \ I W 


Table VI—Effects of Neutron Bombardment on the Mechanical Properties of Miscellaneous Materials of 
General Interest (per cent change) 


Total Ultimate 
flux tensile Yield Elongation Reduction 
Material nvt strength strength in area Cited reference 
Copper (annealed) 102° -11 40 4 21 
Nickel (annealed) 107° + 56 55 6 21 
Armco iron (annealed 107° +61 67 15 21 
Aluminum (annealed 1020 3 - § - 3 21 
Molybdenum Embrittled by irradiation 18 
QMV beryllium 85 18 
Titanium 75A 2 x 1070 +23 +75 50 Unpublished information 
Zirconium 109 ~+ 8 ~ +45 Unpublished information 


Table Vill—Effect of Irradiation on Mechanical Properties of ASTM A-212, Grade B Carbon-Silicon Steel 


(16) 
Yield strength, Tensile strength, Reduction of area, Uniform elongation 

Temperature psi psi per cent to necking, per cent 
Unirradiated 50,000 75,000 64 22 
Irradiated 10'° nvt at 140 F 65,000 81,000 68 18 
Irradiated 10'° nvt at 570 F 57,000 84,000 57 12 
Irradiated 107° nvt at 175 F 94,000 97,000 26 5 
the properties discussed up to this point is not well Table Vil—Summary of Radiation Effects on 


known. Most of the data described have been for room Physical Properties of Metals 

temperature irradiations, and cannot be considered in- 

dicative of high temperature procedures. Observations of Property Increase Decrease None 
annealing of many of these irradiation effects at tem- 


. Hardness x 
peratures near, or slightly below. those at which cold 
work effects are removed indi ate that as the tempera- Critical shear stress x 
ture of irradiation is raised, the smaller is the irradiation Ultimate tensile strength x 
effect. Data in Table VIII (76) show that carbon steels 
irradiated at 570 F. as compared with irradiations below Yield point x 


200 F. will have lower yield stress increases, The tensile 


Ductility x 

strength was found to increase at an appreciable rate. In 

contrast to this. it was found (/6) that. after the higher Elastic constant slight 

irradiation temperature exposure. some carbon steels Creep rate X 
showed more elongation and smaller reduction of area 

than a comparable low temperature irradiation. There- Doneity . 

fore, more detailed information is required before one Electrical resistivity X 
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ean predict the irradiation behavior of structural steels 
at elevated temperatures, 

Special Alloy Classes. A considerable amount of 
research has been carried out on the effects of irradiation 
on ordered solid solutions and precipitation hardening 
alloys. It is important to note that many of the observa- 
tions and conclusions might apply to the large number of 
yet untested engineering materials. 

The effects of 


hardening alloys 


neutron irradiation on 


precipitation 
(7) may be summarized as follows: 


solid 


short or long range orde 


|. Unsaturated solutions (which do not show 


behave similarly to pure 
metals on irradiation. 


2. Supersaturated solid solutions of Cu-Be. Cu-Fe. and 

Ni-Be have been aged during irradiation. It has 

heen suggested that the nucleation and growth of 

precipitate particles are enhanced by neutron bom 

bardment through the introduc tion of excess yacan- 

7 cles and interstitials, (23 These defects accelerate 


diffusion, which is necessary for particie nue leation 


ind growth. 


Irradiation of aged Cu-Fe alloys (7. 24) has demo 


e strated that « ompetitive processes of re-s¢ lution and 
growth of precipitate particles occurs. The results 
indicate that re-solution takes place when pre¢ ipl 
tate particles are small and the surface-to-volume 
ratio high. The suggested mechanism is homogeni- 
zation by displacement spikes. Growth of particles 
by enhanced diffusion is suggested to occur. by 
the vacancy-interstitial mechanism described pre- 
viously, when the precipitate particles are large ar 
the solid solution supersaturate d. 

The effects described are important because a large 
number of engineering materials are of the precipitation 
hardening type. The experiments demonstrate two ways 
in which an alloy. heat treated to maximum properties. 
may suffer deleterious effects under irradiation. 

lhe most widely studied effects of irradiation on metals 
have been those on ordered allovs The disordering 
or ordering effects are of particular interest because 
the fact that the transition from one state to the other 
involves only very localized atom movements. Several 
salient features of some experimental and theoretica 
work in this field are listed below 

1. High energy particle irradiation can disorder 
dered alloys. This effect has been observed ii 
Cu.Au. CuAu. Cu-Zn and Ni,Mn. 

2. The magnitude of the disordering effects cannot be 
explained on the basis of simple atom displacement 
concepts. Theories of thermal and displacement 
spikes and replacement collisions have been sug- 

: gested to explain this phenomenon. 


3. The rate of ordering at a given temperature can be 


accelerated by irradiation. The suggested mechan- 
ism is the enhanced diffusion permitted by the ex- 
vacancies and interstitials 


cess 


introduced during 
irradiation. 


SUMMARY 


This survey of radiation effects on metals indicates 
that irradiation causes large effects on many properties 
of structural metals and that these changes must be con- 
sidered in the design of electrical equipment exposed to 
radiation. 

There is considerably more data on the general effects 


of radiation on metals and alloys. but further experi- 


Check List of Design Applications With 
Metals Under Irradiation 


|. Design structural equipment to operate with the 


characteristics imparted by radiation damage. 


2. Choose the initial state of the material which will 
change least on irradiation. 

}. Thermally anneal the metal while in the radiation 
environment to put an upper limit on damage and 
to return the properties of the metal to near initial 
values. 

to be considered a- a last re- 

sort since it may be difficult because of bulk and 

weight of shielding materials 


!. Radiation shielding 


nental information is needed to determine the significant 








nterrelationships between the mumerous mechanical 
properties and efficient engineering desig 
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Sequential pictures of relay contacts, using high-speed camera. Enlargements of 16 mm frames made at the rate of 6.000 pictures per 
second show, left to right, the opening, closing and opening of 
Industrial Camera Div., Syosset, N.Y.). 


a pair of contacts (Fairchild Camera and Instrument Corp.. 


Design by Test and Analysis 
Spurs Relay Progress 


With relays, as with electron tubes. vigor- 
ous industrial growth tendencies are the 
reaction to rivalry from other types of 
components such as static devices. For 
better relays. a strong trend in the art is 
toward laboratory exploration of mechan- 
ical structures, materials and the elusive 
facts of contact behavior to provide data 
for analytical design. Predictions of com- 
plete or extensive supplanting of the relay 
probably belong in the same category as 
those made in the past about vacuum 
tubes: engineering dissatisfaction with 
reliability factors may be a cause of such 
predictions. The Sixth National Confer- 
ence on Electro-magnetic Relays held at 
Oklahoma State University clearly ex- 
hibited the progress made by both relay 
makers and users in replacing hit-or-miss 
methods with directed test and analysis 
for both design and statistical control for 
reliability study and improvement. 
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IN THE USE AND DEVELOPMENT OF RELAYS the need for 
agreement in meaning among engineers and uniformity 
in instruments and test methods is clearly demonstrated 
by the repeated emphasis on the significance of measure 
ments to be found in the papers presented before the 6th 
National Conference on Relays. This annual event once 
more was held at Oklahoma State University. Stillwater. 
April 8. 9 and 10. sponsored by the University School 
of Electrical Engineering and again supported by the 
National Association of Relay Manufacturers 

The NARM is in fact so keenly aware of the particular 
need for standardization of meaning in testing and test 
methods that it has instituted a separate task group. the 
“Technical Committee on Relay Testing Methods.” so 
organized and equipped as to guarantee action. Realisti- 
cally. for instance. this committee includes all member 
producing firms of the Association by company rather 
than by individual membership and the constituent sub- 
committees are set up on a roughly regional basis for 
ease of meeting and execution of assigned chores. The 
Relay Test Code projected by this committee would seem 
to represent only the viewpoints of relay producers. since 
the latter make up the membership of the NARM. For 
this very reason. criticism and suggestions from users 
and other interested parties are invited. and concrete 
measures are being exerted to take advantage of the 
experiences and opinions of relay users. The annual 
Oklahoma conference, for instance, provides an incom- 
parable opportunity for free discussion and for the pres- 
entation of all points of view. 


A provocative example of the stimulus offered by on- 
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Fig. | 


Contactor with double-throw, side-stable contact ar- 


rangement and new basic actuator design using polarized 


principle ‘Hartman Electrical Mfg. Co.). 


the-spot meeting of minds occurred at this latest Relay 
W. Gross of 


challenged the validity 
and usefulness. either as a design tool or as a quality- 


Conference. Speaking as a relay user. T. 
Convair, San Diego. seriously 
control index, of the commonly applied relay chatter- 
indication method that employs some form of threshold- 
sensing mechanism such as a miniature thyratron. Such 
devices. and specifications of relay chatter that in effect 
predicate some discrete period of contact-open time as 
arbi- 
trariness is not always clearly evident and their use fre- 


being acceptable. are objectionable in that their 


quently results in unreal design and quality objectives. 
according to this speaker. Mr. Gross argued in favor of 
absolute detection and measurement of relay-open condi- 
tions. as with sensitive oscilloscopes. “Many relay failures 
oecur during vibration scans. A large number of relays 


which met MIL-R-5757C 


other tests owing to damage inflicted during vibration. 


vibration requirements failed 


By using sensitive oscilloscopes we can screen out inferio1 
relays quickly and eliminate intensive life and electrical 
MIL-R-5757C is a very 


specification in many 


characteristic tests. unrealistic 
phases of relay evaluation. and 
especially in vibration. The use of such Go-No Go gadgets 


Be 


as the chatter indicator 


prevents improvement in the 


relay] art: they suit the unrealistic 


specification and 
encourage the use of untrained personnel. The chatter 
indicator in some cases will allow a relay contact to be 
open as much as 50 per cent of the time. yet not fire the 
thyratron. Relays that are to be used in present-day de- 
velopments cannot allow contact openings of any finite 
duration.” 

Opinions such as the foregoing represent the needs and 
experiences of particular users. The existence of num- 
erous schools of thought on almost every aspect of relay 
behavior. terminology and testing methods is the urgent 
reason for the accelerated efforts of the relay manufac- 
turers to devise standardizing codes and to define prac- 
tices. and for its solicitation of comment and _ specifi 
contributions by relay users. military agencies and othe 
interested groups. 

New Relay Designs. Reliable operation of relays 


and contactors in applications having severely limited 


JUNE 1958 





Relay Manufacturers Advance Test 
| Standards | 


Speaking as the president of the National Associa- | 
tion of Relay Manufacturers, James V. 

| Price Electric Co., Frederick, Md., urged active par- 
ticipation by relay users in the accelerated program | 


Roughan of 


for relay standards undertaken by the NARM. “Dur- 
ing the year several projects have been undertaken by 
the NARM to further these goals: standardization of 
relay ratings and nomenclature, of tests and test equip- 
ment, and the collecting and dissemination of infor- 
mation relating to the relay industry. One of the chief 
projects was to establish a special committee whose 
assignment is to prepare a standard test procedure for 
relays. The general chairman of this committee is D. 
R. Dooley of C. P. Clare & Co., Chicago 45, and the 
vice chairman and technical coordinator is Prof. 
Charles F. Cameron of Oklahoma State University.” 
Mr. Roughan feels that the relay industry should 
take the lead in establishing 


proposed standards 
which will be coordinated with customers, suppliers, 
and the various governmental agencies. He invited 
criticisms and comments on the work NARM is 
undertaking. The standing committees will continue 
their work from year to year, and as a service to in- 
dustry will periodically publish proposed procedures. 
Anyone who would like to receive copies of these 
reports should contact either Mr. Dooley or Prof. 
Cameron. 





Fig. 2—Force-stroke curves, and magnetic circuit of one form 
of polarized actuator. 


power available is a constant development objective. In 
“Design of a Polarized Actuator for Aircraft Contactors.” 
P. L. Epstein of The Hartman Electrical Mfg. Co. outlined 
the use of the polarized principle. long used for sensitive 
relays. to large actuators. The term actuator was em- 
ployed because a design objective was for a basic power 
unit that could be used with numerous contact arrange- 
ments as required. In Fig. 1. the actuator is applied in a 
contactor rated 40 kva. 3 phase. with double-throw side- 
stable contact arrangement. “This type of contactor is 
always difficult to design with solenoids because of the 


very strong spring required to maintain pressure on the 
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relatively low in cost, having application in appliances and sim- 


Relay with sensitive characteristics but rugged and 


ilar equipment. New design is based on the ferroresonant prin- 
ciple (R-B-M Div.. Essex Wire Corp 


hack contacts. In operation. the solenoids must overcome 
this spring force when they are least able to do so. that 
is. when the airgaps are wide open. This device has been 
adjusted to operate on as little as 8 watts. but at this 
setting the action is sluggish and the vibration resistance 
is not all that might be desired. Taking 40 watts as a 
more practical figure gives the unit a power gain of ap- 
1000. This is considerably better than we 


have been able to achieve in comparable solenoid op- 


proximately 


erated designs.” 
The engineering approach to achieving reliab'e opera- 


tion with minimal power was outlined. The force-stroke 


curve of a polarized actuator is shown in Fig. 2. In the 


case of a solenoid. the force is zero throughout the stroke 
with no voltage applied to the coil. This is in sharp con- 
trast to the force-stroke curve of the polarized actuator. 
where even with zero voltage applied to the coil. a very 
definite force is obtained as the armature is displaced it 
either direction from its center position. It is this feature 
of the polarized actuator which makes possible the de- 
sign of a motor having either null seeking. side stable. 
or double latching characteristics. If the combined char- 
acteristics of the return spring and the contact spring are 
chosen to lie between the middle and upper curves of 
Fig. 2. a motor with side stable characteristics results. 
as in the dash lines marked A. If the return and contact 
springs are chosen so as to have the characteristics of 
the curve marked B. a center stable design will result. 
while spring characteristics of the dash curve marked ( 
result in a double latching combination. In a solenoid 
actuator the force developed is proportional to the square 
of the coil magnetomotive force: in the polarized actua- 
tor the force developed is proportional to the product 
of coil magnetomotive force and that of the permanent 
magnet. It might thus appear possible. by using a suffi- 
ciently powerful magnet. to reduce the operating mag- 
netomotive force. and hence the power required by the 
polarized motor, to any desired level. Unfortunately. 
practical considerations supervene. 

Non-linearity of an iron-cored choke is the key to Op- 
eration of a new relay developed by the R-B-M Division 
of the Essex Wire Corp.. taking advantage of the long- 


known but not extensively exploited principle of “ferro- 
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Fig. 4—Magnetie principle of shock and vibration resistant 
latching relay, showing simplified armatures A and B&B. sta- 
tionary poles C and cam surfaces X and Y. 


resonance. Leo L. Weber of R-B-M. in “A Study of the 
Ferroresonant Relay.” states that essentially. a ferro 
resonant circuit comprises a self-saturating choke and a 
At a specified line voltage the 


choke and capacitor go into ferroresonance. saturating 


apacitor across the line 


the choke. The relay armature is then operated bv leak- 
taken that the relay 


has an inefhicient magnetic circuit: its effect upon the 


age flux. Special precautions are 

magnetic path of the choke can be considered negligible 

When the line voltage is raised slightly. the circuit will go 
into saturation. providing sufhicient leakage flux to op 
erate the relay armature. One form of the ferroresonant 
relay is shown in Fig. 3. 

Army Signal En 


gineering Laboratories to Struthers-Dunn. Inc.. for de 


\ contract was awarded by the U.S 


signs for latch-in relays for guided missiles. The objec 


tive was a sealed. compact relay to operate normally 
while subjected to extremes of shock and vibration. Ac 
cording to Charles Packard. chief engineer of Struthers 
Dunn. and Howard M. Ganong of the Signal Engineering 
Laboratories. one of the most serious efficiency losses 

existing relay structures is caused by leakage flux that 
does not cross working gaps. Armature force varies as 
the square of the working-gap flux. so that if 1. of the 
total evades the gap. the usable force drops to 44, of that 
which would be developed by a “leakage-free” relay hay 
ing the same total flux. Various magnetic-circuit conhigu- 
ations have been adopted by transformer and relay de- 
signers to reduce leakage paths by surrounding the coil 
with iron paths in one way or another. In a basic ap 
proach to a new higher-efliciency design. it appeared 
obvious that improvement could be achieved if two or 
more armatures approached the core in such a manner 
that they enclosed it in either the open or closed position. 
[he armatures would have to be mechanically coupled 
in some simple manner to assure operation in unison. 
and with military requirements in mind they would have 
shock and vibration. A 


unique design was evolved in which resistance to shock 


to balance each other 


under 
and vibration is inherent. In Fig. 4. a pair of simplified 
irmatures is attracted to a pole. each identical armature 
being provided with two cam surfaces. The cam surfaces 
at X do not permit armature B to open unless armature 
{ opens simultaneously; similarly, the surfaces at Y do 
not permit A to open unless B also opens. Armatures must 
close simultaneously. also. The armatures are subjected 
to similar forces and would ordinarily operate in unison 
without the action of the cams. When shock or vibration 
introduce accelerating forces that tend to close one 
armature and open the other. these forces are balanced 
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Fig. 5 Experimental model of new high-efficiency design for } } ee 
latching relay (Struther--Dunn, Ine.; LU. 5S. Army Photo). : a 
ic ia 
and to a considerable extent are absorbed by friction at 
° : . . air 
the cam faces. thus damping out resonance. particularly RS 
in the de-energized position. An experimental model of eg 
i latch-in relay incorporating the basic new concept for 3 
a magnetic structure is shown in Fig. 5. 
In onsidering the design ol a ew line of miniature 


telephone type relays. the Ohmite Mfg. Co. was disturbed 
by the difficulties they had experienced with other relays 
using conventional switch stacks. According to George O 
Wagner. consultant. and \W Schapira of Onhmite. the 


solution seemed to be a basic swit module that 

be used as a building block for fabricating various cor — re 
tact combinations. free of the dimensional stability ] r 
ems associated with the mmonty usec sulating s] e! 

( structior } xtensive reseal materials ed fT aii\ 

to diallyi phthalate tor the moided parts, largely because 


f its ability to withstand 400-500 F temperatures. and 











nill-hardened beryllium copper strip for the springs 
Fig. 6. Rivets were adopted as the assembly means. pre Fig. 7 Torsion-wire suspension for -armature of rotary relay 
senting many advantages including that of making rela ind ‘lower! contact arrangement (Union Switch & Signal 
aie y a punch-press operation. Perhaps the eo Div.. Westinghouse Air Brake Co 
ng feature of the module is that the relay is basically 
djusted by design in terms of physical spacing: conta Sli i ile vig tied inabeaeiti = ka ei 
idule prior to the eing mounted on the relay stru 
ture 
Des problems tered 1 leveloping reliable 
niature relays continu stir interest. P. \. Bossart of 
Union Switch Signa ] ed the development I ev 
m f miniatu rela sing the bas tar e'ayv aj 
proach. Figure 7 shows. in principle. the armature. its 
wire suspension. and the permanent magnet that holds 
the armature he ae ergized positior Also show 
ire the ceramu KS it push against the tact 
i 
_ 
Fig. 6—Basie contact and spring modules and their assembly Fig. 8—Elements and assembled polarized form of new 
for various relay combinations (Ohmite Mfg. Co. and George miniature relay Elgin National Wateh Co.: UL. S. Army 


O. Wagner Assoc.). Photo). 
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Fig. 9—New smaller polarized relay for carrier transmission 
systems, showing magnetic shield and insulating cover ( Nippon 


Electric Co., Ltd., Tokyo). 





Fig. 10—Internal construction of stacked ceramic relay (left) 
and sealed relay epoxy-potted (right) (Jennings Radio Mfg. 
Corp.). 


springs. which are seen in the lower view, a cross-section. 
Absence of frictional wear results from the wire sus- 
pension. and high immunity to vibration and shock re- 
sult from the small mass and relatively high force on the 
contacts. High temperature operation is possible since no 
organic materia!s are present in the contact space. The 


MIL-R-25018 


Grade 3 requirements. It 


net result was a 4-pole relay meeting 


(USAF). Class C Type II. 
operates in a 200 C ambient. 

The development of sub-miniature sensitive and polar- 
ized general-purpose relays was undertaken by the Elgin 
National Watch Co. under the sponsorship of the U.S. 
Army Signal Engineering Laboratories. The polarized 
form of the resulting designs is shown in Fig. 8. These 
relays employ conventional pivots to support the arma- 
ture. adopted after extensive investigation and develop- 
ment of jewel bearings and torsion-wire suspensions, 
which were found to be not suitable for this particular 
relay construction. The polarized form of the relay has 


an overal! volume of 0.313 cu in... a maximum dimension 





Fig. 11—Coaxial antenna-switching relay for 3- to 5-kw radio 
transmitters, designed for ruggedness and reliability ( Motorola, 
Inc.). 
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of 1.2 in.. and is rated for a resistive load of 1.0 amp at 
30 volts d-c with an input power of 100 mw over a tem 
perature range of —65 to 125 C. 

In carrier transmission systems the introduction of 
transistorized equipment has accelerated the need for 
general size reduction of components. Iwao Nukada of 
Nippon Electric Co., Ltd. and his design associates out- 
lined their development of improved and smaller polar- 
ized relays used in such equipment, Fig. 9. For these re- 
lays. miniaturization presented the added problem of 
shielding. Size reduction would be of little value unless 
the relays could be mounted in close proximity without 
magnetic total 


volumes less than existing relays were developed by 


interference. Polarized relays having 
painstaking attention to design detail and exhaustive 
testing and analysis. Despite the smaller size. the relays 
have proven their reliability and all-around suitability 
for use in transmission systems. 

The principle of contacts sealed in a vacuum as one 
approach to the dry-circuit problem was adopted by the 
Jennings Radio Mfg. Corp. in the development of their 
line of ceramic vacuum relays.* James W. Daniels of 
Jennings outlined the design project that culminated in 
an entirely new basic relay form. Fig. 10. The stack 
method of construction makes possible contact arrange- 
ments up to 4 pole double throw. and 6 pole is under 
development. As a result of the development of the relay 
design and of various processes for brazing. vacuum 
production and ceramic envelope fabrication, the relays 
exhibit a constant contact resistance at current values as 
low as can be measured. 

Unusual design aspects are presented by relays that 
are to function in rf circuits. as for instance in two-way 


radio antenna switching. Harold A. Lauffenburger of 


Motorola. Inc. 


coaxial relays for this purpose and various observations 


described the difficulties in obtaining 


to guide designers. “In two-way radio communication it 
is common to employ a single antenna for transmission 
and for reception, so that the antenna must be alternately 
switched. This switch must be located between the equip- 
ment and the antenna: therefore. it must be remotely 
operated, and it must be so constructed as to match the 
associated circuits closely in order not to introduce stand- 
ing waves and reduce power delivered. Our experience 
has been that coaxial relay designs fall into two general 
categories: either they are designed with precision 
coaxial cavities or excellent driver mechanisms. Relays 
with precision cavities are usually produced by rf switch 
manufacturers with little relay experience. whereas the 
majority of conventional relay manufacturers fall into 
the other category. To them, building a reliable relay is 
commonplace. but enclosing the switch element in an 
rf enclosure is like dealing with some mysterious black 
magic and the usual result is over-complication. We are 
still using a coaxial relay designed during World War II: 
it is doing a satisfactory job but it is large and outmoded. 
For higher power equipment it was found impossible to 
purchase a suitable relay. so a relay was designed and 
built by Motorola, Fig. 11. The design objectives were 
ruggedness and reliability with not too much regard for 
cost. The relay manufacturer that is willing to produce 
a good miniature, low-cost coaxia! relay will find a size- 
able waiting market in the two-way radio producers.” 


*For design details see 
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failure. Failures due to a glow discharge or spark may 


occur when the contacts are operated many timec When 









Current wave forms just 
above pick-up voltage 


Description Comments 


Form 




















Generally the most efficient and best ar- 
rangement, except possibly for cost. The 
rectifier is selected on the basis of rms in- 
verse voltage rating at least equal to the 
maximum that the a-c supply will reach 
and current output rating to suit the coil 
resistance and voltage. Operation over a 
frequency range (60-400 cps) is generally 


unif 







Full-wave bridge 






ort 








Each section of relay winding energized 
from its own half-wave rectifier, operating 
on alternate half cycles. In this and in 
Form C there is a cost advantage over 
Form A in that only two diodes are re- 
quired in place of four. 






Full-wave split coil 
















Full-wave split coil 
with common 


junction 


Smoother output and less ripple than Form 
hat each diode carries approx- 
ill current on alternate half 























The relay coil coasts on its stored energy 


uring negative half cycles. The parallel- 


Half-wave 
D free-wheeling’ 


circuit 

















Armoture heid Shorted 
c osed npr J ent of 
6 Orme 0 A S=4 | p 


; = A shorted copper slug is employed instead 
la 3 Half-wave with of a second rectifier to retard the magnetic 
Y > »-7 shorted coil turns flux decay. The efficiency is lower than 
es 
s 


that of Form D. 


Parallel capacitor absorbs energy on the 
- ‘ceed | fl NINO positive peaks and delivers it the coil 
; -« ; ¢ ; 
A Log ae during the rest of the cycle. The capacitor 
CA) - | Half-wave with il ae ¢ h 
© ‘ F noe : affects the time of response characteristics 
: 3 saraiiei Capacitor c ’ + 
os | 3 P , of the relay. The rectifier must have a rat- 





ing sufficient to carry the capacitor surge 


urrent. 








Fig. 12--Common basic cireuits for applying rectifiers in relay operation. with general forms of resulting currents. 


Relay Application. In “The Design of Rectifier- 
N. Martin and T. McLaughlin 


of Price Electric Co. compared the various common cir- 


age.” In Fig. 12 some of these circuits are compared. 

Extensive into the 
charge across contact gaps was conducted in connection 
with relays employed in business-machine circuits. In 
“Contact Protection for D-C Circuits.” Lewis Hill of IBM 


presented the theoretical background and analyzed the 


Relay Combinations.” P. research nature of electrical dis- 


cuit arrangements for using rectifiers with relays. “Di- 


rect-current electromagnetic devices have several ad- 


vantages over a-c devices. When the copper oxide rectifier 





was developed one of the first uses was in the operation of 
d-c relays and solenoids from a-c power. As other recti- 
fiers have been developed they have also been used in 
the same way. Applications of rectifiers to relays include 
blocking or polarizing in signal or control systems to 
reduce the number of control wires. Time delay. are 
suppression and temperature compensation circuits for 
relays also frequently employ rectifiers. In most of the 
early applications, the full-wave bridge connection was 
used, but half-wave arrangements reduce the cost and size 
of the rectifier unit. There are now at least half a dozen 
arrangements in common use for energizing a d-c relay 
through a rectifier from a single-phase alternating volt- 
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philosophy of contact protection circuits. “It is usually 
not necessary to have complete suppression at the con- 
tacts. A considerable amount of contact erosion can occur 
before the contacts fail. The contact shape, size and 
materials are important factors in determining the con- 
tact life. Contact pressure, contact bounce and the at- 
mospheric conditions also effect the rate of deterioration. 
The size, shape and cost of suppression components are 
weighed against the contact protection provided. There 
are many possible and useful suppression circuits. Satis- 
factory contact operation can often be obtained if an arc 
For 


transfer may be appreciable and a frequent cause for 


is prevented. higher current applications bridge 
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Fig. 





13—\ oltage-current characteristics for ares between silver 
trodes. 


x = 
x }O 
x ‘eZ 
2? 
Fig. 14 Equivalent cireuit of a relay with a shorted slug or 
sleeve. 
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Fig. 15—Oscilloscope method of measuring contact resistance. 
Relay Symposium Papers 
Phe complete texts of the papers presented at the 6th 
National Conference at Oklahoma State University 
. . | 
will be printed under one cover by Potter & Brum- 
field. Copies can be obtained at no charge simply by 
writing on your company letterhead to W. A. Huser, | 
- 
advertising manager of Potter & Brumfield, Inc.. 
Princeton, Ind. These will be available some time in 
July. 
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failure. Failures due to a glow discharge or spark may 
occur when the contacts are operated many times. When 
relay contacts close there is generally a short period of 
contact they open there is 
erally no bounce. Contact erosion can only occur during 
the short period when contacts open and close. When 
the bounce is reduced the amount of contact erosion due 
to the bounce is reduced.” 


bounce. and when gen- 


On the curves. 13. are plotted three load condi- 


tions—resistive. resistive-inductive and _ resistive-capaci- 
tive*—for silver contacts. “For example, in a 50-volt. 
2-amp resistive-load circuit. when the contact opens 
slowly at less than 20 cm/sec.. the are continues while 


the contacts open to a displacement of 0.3. mm. This 
figure is obtained by drawing a straight load line be- 


tween 2 amp and 50 volts and observing that it is tangent 


with the 0.3 mm curve. The contacts have a current of 


Try when they the minimum arcing voltage | 


For a resistive-inductive load the current changes rapidly. 


reach 


inducing a large surge voltage. The load line is now ‘ , 
drawn from 2 amp to the high surge voltage. but the 
voltage after hitting a peak returns to the normal con- 
tact voltage. This makes the load line curve become tan- é . 
gent to the 0.6 mm line. The are starts at current /;,;. and 
voltage | For a resistive-capacitive load the voltage 
across the contacts changes slowly. The load line is 
drawn from 2 amp to a very low voltage which increases 


as the capacitor discharges. 


The load line 


curve crosses 
the minimum arcing voltage line }’,, at current /, ind 
becomes tangent with the 0.05 mm line. The curves show 
that when contacts open. a capacitive circuit will redi 

the arc. while the inductive circuit will increase the ar 
over that of a resistive circuit. When contacts close. 


a capacitive circuit will increase the arc. while the 
ductive circuit will decrease the ari 
tive circuit.” 

Test and Analysis. In the design of re!ay- with 


other 


magnetic and 


devices. the sul 
planting of empirical and cut-and-try design by 


methods requires the 


electromechanieal 


joint development ot the the ret i] 
basis and the laboratory procedures for 


ical data for design. The relation between oscillog 


studies of instantaneous currents and their mathematical 


analysis in relays equipped with shorted turns. for is 


stance. was demonstrated by Prof. C. F. ¢ 


‘Transient Analysis of Relavs Wit) 


Sleeves.” “The 


he tween 


his associates 11 


Slugs and 


development is presented to 
: 7 
show relations 


and 


transient 


some the paramete rs of the coll 


winding sleeve or slug. and 


Phe 


the transient currents. 


current for the 


release condition clearly 


shows the rate of change of the current as affected by the 
coil constants because the armature remains stationary 
over a longer portion of the total release time (than it 
does in the operate conditions For this reason the 


development is based upon the release condition in which 
the coil is carrying a current of J and the sleeve or slug 


current is zero. Figure 14 is an equivalent circuit of 


a relay with a sleeve or 


slug. Two differential equations 
may be written: 


b= R Wy = 0 
di dl 
I di R VV di 0 
di dt 
t I ( I H 4 s 2 \ 
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cently. beryllium copper alloy LOHTR are also popular 





The currents follow an exponential form and may be 


written with initial values 7, and 7. and a common time 


asa) 





constant 7. By the use of valid assumptions. the approx- 
imated roots of the quadratic equation solution of the 
above expressions become the time constant of the main heats 
flux. 7. and the time constant of the leakage flux 7 

Further analysis leads to an expression for the value of 

resistance in the slugs or sleeves R. to be used in a relay 

in order to give the desired jump of current for retarda- ] 
tion of relay action: < 


I! whi hi 





| initial value of current 
Ta given or desired value of current jump 
\ turns in relay coil 
The measurement of contact resistance and even the a ‘ ve F 308 at ro = 


problem of defining the meaning of the term itself con- 


tinues t 


receive attention from relay experts. In “An ; ; 
Lencived Mithiod of Meesesten Contact Wesltance.” Fig. 16—Block diagram of force-function display -y-tem and 


5 force-function curve with its components. 
Alex Schnipper of Picatinny Arsenal related the advan- 


tages of a particular method of using a cathode-ray 


scilloscope for cor se h. “This metho yresents . 1 
ill pe for contact research. “This method present \ relatively neglected relay-design aspect was dis- 
1 display f{ the volt ampere characteristics of cor tacts 


issed DY D. F. Diehl and 7 W. Loon of Phillips ( trol 


Irom which values of resistance ind Suen diagnosti - { orp. in their prese! tatior tT some ol the results ot i 
. : ' , 
i. tier s cont } ion » «obt eK cK I tunel f _ 
rmation a tamination are btained quickly and study of relay leaf springs The leaf spring acts as 
awcurately Various military specifications « ull for the hratior lamper i 1 bia pris resisting rel i] 
bit Lite Udall bn, aw ¢ Dias “Prine i sis l= iad \~ i1i 
nee of eithe he vo . -ammeter o in doubl 
us either the imeter-ammeter of the Kelvi aet pull. as a contact support and restoring force and ofter 
bridge method of measuring contact resistance. The ; ectrical a cs _ WV feel that taking 
i= i c ‘ Mail CU uuu ‘ I relia Se t icc Lic A = 
former is simply the application of Ohm s Law n the einen f the mvsterv out of tl ritical element is another 
r) dot hy hrid reater curacy < oht ned ‘i . 7 
Kel : ible bridge ee eee why. wea ig step in making relay designs more stable. Our study 
thre r} > WS at } dee nulling reul ree ldey ; : 
P igh the use of a bridg illing cireuit. The cluded more than 3000 measurements taken during 
vy ry i } > ay rir j 5 ) j , - ° 
ethods have ertain common faults. They do not pre hermal evcling and more than 1500 taker duri 


vide. for instance. for the effect on the instruments accu- nechanical cycling. Measurements were made on mort 
rac y of temperature change and they are of little use [0! than 180 sets of normally closed co tact assemblies mace 
diagnost purposes, Contact resistance 1s a variable oe f various leaf-spring materials. cerami spacers al! | 
fluenced DY ee factors such as films. ‘Single-point steel screws and end plates. The most common leaf-sprin 
data as obtained by these older methods are inadequate 


In the basic form of the improved method. Fig. 15. the 


material in the field of telephone relay forms is 18 per 


scilloscope sweep circuits are not used. The inductance rough 32. Grade ‘A’ 1 phor bronze and. mor = 
igh Loe i mosphor bro and. ore - 


s included so as to delay the build up of current throug! 


the contacts for observation. A mercury-wetted contact 
switch is employed. Calibration is required in the u 
the method. The current-limiting resistance. R.. must be 
measured accurately, oscilloscope sensitivitv determined 
ind clip-lead resistance eliminated by observing deflec- 
tions with the clips connected to each other. These de- 
flections. usually a sloping line. are adjusted to form a 
horizontal image. whereupon the equipment is ready for 
use. As a final check. a known precision standard resistor 
is tested and the magnitude of the horizontal and vertical 
deflections noted. Then by the equation: 


the current can be derived. The value of V, divided by 
I,. defines the tested resistance value. The oscilloscope 
trace seen for a pair of clean contacts is a rising linear 
characteristic. Contaminated surfaces. being dielectric. 
break down or ‘frit’ when sufficient voltage is present 


across the contacts. These traces are characterized by 


Fig. 17 Application of the Optron Displacement Follower 
to the study of relay behavior Optron Corp.). 


non-linear and highly irregular displays.” 
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: ent nickel! silver in a spring temper. in gages from 22 


a 








cently, beryllium copper alloy LOHTR are also popular 
materials for use in relays.” 

Certain generalizations seemed to emerge from the 
tests conducted using the three conspicuous leaf-spring 
materials: 


1. Under thermal cycling alone, beryllium copper 
appears to be the most stable, with nickel silver a close 
second and phosphor bronze a poor third—especially 
above 150 C. 

2. Mechanical stability in the face of repeated flexure 
appears to be about the same for the three materials at 
room temperature. 


3. Prior mechanical or thermal cycling improves 
stability slightly when the other type of cycling is per- 
formed later. 
1. Stability of spring tension was not affected by the 
method of spring tension adjustment; that is, either by 
kinking the spring or by stroking the spring until the 
desired pressure was produced, - 
5. With all three of the spring materials, thermal 
cycling seems to result in relieving stresses due to spring 
deflections created by spring pressure adjustments. re- 
gardless of the means employed to make the adjustment. 
Another technique for relay design on an analytical 
basis was described by T. R. Welch of TC Components. 
lelecomputing Corporation. “It is always desirable to 


design and build a relay that has an ample reserve of 





contact pressure, spring tension and magnetic moving 
force. The big question in the relay designer’s mind is 
how much reserve. If too little. the relay is unreliable: 


if too much. the resulting relay is oversize or unecon- 


Fig. 18—Spring principle shock tester, giving sinusoidal shock 
wave, for relay testing (Guardian Electric Mfg. Co.). 


omical. In order to determine an optimum by trial and 
error. literally thousands of designs and trials must be 
made. The force-function technique allows much of the 
empirical testing to be eliminated. A force-function curve. 
Fig. 16. consists of a plot of armature travel in the X 
axis against the force exerted on the armature plotted in 
the Y axis. using an electrical X-Y plotter. The force 
exerted is the resultant of several forces acting in unison. 
Examination of the force-function curve indicates 
that as ampere-turn force increases gradually there is 
a relatively large area of gray zone in which the arma- 
ture is almost ready to go. but not quite. A desirable 
condition is that the armature remain open until the 
magnetic pulling force surpasses the restraining spring 
forces. at which time it breaks free with stored-up 
potential energy. This condition can be met by examining 
the force-function curve and modifying the relay design 
accordingly. The equipment employed includes a jig to 
hold the relay. a balanced sensitive beam on a fulcrum 
and a system for returning the beam to its zero position 
with great precision. At each static point at which a 
force reading is to be taken, the relay is energized 
with the desired amount of current, and then the weight 
applied to the relay through a beam and force pickup arm - 
is electrically adjusted until balance is reached. This is 
done by observing a microammeter that indicates devia- 
tion from center through a digital circuit. When balance 
s obtained. the force value is transmitted to the X-} 
plotter which incrementally records a graph in exact 





proportion to the force and travel of the relay armature.” 


\ method of studying relay dynamic behavior is the 
Fig. 19--Automatic cycling equipment for testing contacts of O Dial Foll Thin wer 
relays for dry-circuit applications (General Precision Labora- ptron Displacement Follower. us Is an optical trans- 


tory and Fleetwood Laboratories, Inc.). ducer that focuses a spot of light from a cathode ray 
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tube on a contact or other spot of interest on a relay. 
\ photoe ell 
servos this spot to remain “locked-on” to the edge of 
the relay contact or other work. The manner of applica- 
tion is indicated in Fig. 17. Displacements from 0.1 to 
4 in. full-scale peak to peak may be measured: the 
smallest increment of displacement measurable is 100 
microinches. Ranges are changed by interchanging lenses. 


such as a particular section of a spring.* 


The use of high-speed motion picture photography in 
relay studies was described by John H. Waddell of Fair- 
child Camera and Corp. Transient per- 
formance phenomena to which this technique is particu- 
larly well adapted are the effects of abnormal voltages. 
study of operate and release times. chatter under various 
conditions. the details of relay behavior under shock 
and vibration. and contact action. The camera offers the 
particular 


Instrument 


advantage over other means of observing 
transient conditions in that it makes possible establishing 
relations between relay behavior and the mechanical 
details of structure which may explain the behavior. The 
high-speed motion picture camera provides magnification 
of time. If. for example. the operate time of a relay is 


0.005 sec, the camera can slow down the action to take 


place in 21% sec. Timing lights can be provided so that 
time can be correlated with motion. Crystal-controlled 
oscillators are used to provide 10, 100 or 1000 pips per 
sec on the edge of the film for time measurement. By 
using a partial reflection-transmission mirror in front of 
the camera lens. a simultaneous picture can be made of 
a relay (or of any of its parts) in action and of oscillo- 
scope traces of electrical performance. 

Reliability and Evaluation. Clarification of mean- 
ing of the much-used word “reliability” was contributed 
by Paul Gottfried of Inland Testing Laboratories. “While 
we are capable of determining how good a relay is when 
it is shipped. we cannot say how long it will stay that 
way: a reliable product is one with predictable perform- 
ance under application conditions. This is what dis- 
tinguishes reliability engineering from conventional qual- 
ity control. To the extent that mechanical elements are 
crucial in relay behavior. relay reliability testing may be 
pursued by test-to-failure techniques involving progress- 
ively increased stresses. Electrical components, however. 
suffer degradation as a result of complex interactions. 
Introducing excessively severe stress factors in the face of 
a complex system of interactions tells us nothing. How 
can we hope to measure safety margins when we cannot 
define what constitutes a series of increased combined- 
stress levels? We have concluded that testing under 
simulated operating conditions is required for relay 
reliability determination. To arrive at a testing pro- 
gram which provides maximum efficiency. we may elect 
to expand the test design to include combinations of 
several sets of environmental conditions. corresponding 
perhaps to ground environment. aircraft and_ ballistic 
missiles. A broad program of this sort has been proposed 
and is gaining acceptance.” 

In “A Proposal for Standardizing Sub-Miniature Relay 
Shock Tests.” John Schmidt, Jr. of Guardian Electric 
Mfg. Co. stressed the inconsistencies and in some cases 
absurdities of the various existing test specifications and 
their prescribed methods of shock testing for relays. 


*See Evecrrica, Manurat RING e 195 pp 1 l 
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“A shock test is a partial measure of a relays anticipated 
performance under extreme environmental conditions. 
We can obtain useful information regarding resistance 
to external forces by shock. acceleration and vibration 
testing if these tests are reproducible and accurate. As a 
whole. vibration and acceleration testing can be repro- 
duced. This does not apply to shock testing (using the 
hammer-blow, sand-drop and spring testers called for in 
various specifications}. Our laboratory con- 
structed a modified spring type of tester, Fig. 18. This is 
essentially a simplification of the tester originally de- 
scribed by Mr. Packard of Struthers-Dunn.* In our 
machine we use a system of silicone rubber pads rather 
than lead to absorb the shock. The Packard unit results 
in a more or less square shock wave: our device pro- 


military 


duces an essentially sinusoidal wave shape. We stated 
that the state of the art with respect to vibration and 
acceleration testing is fairly well advanced. This state- 
ment can include shock testing if shock-test requirements 
are stated in terms of wave shape. pulse duration and 
magnitude rather than by test-equipment specifications.” 

The experiences of General Precision Laboratory with 
attempting to set up testing methods and limits for re- 
lays to be used in grid-switching and other dry-circuit 
applications were recounted by W. B. Lurie. “To set 
up a dividing line between dry-circuit and non-dry- 
circuit conditions. a somewhat arbitrary but flexible 
attitude was adopted. We decided that an automatic tester 
would be required. since the relays would operate in our 
I sec off. A simple d-c 


tester was developed. In this a small current was passed 


service once per sec, *s sec on, 
through the relay contacts. the amplified contact-voltage 
drop being used to operate a ‘failure’ indicating counter. 
The drifting character of d-c amplifiers plus the fact that 
most low-level signals in use are a-c led to the develop- 
ment of a-c testers. The most recent of these. Fig. 19, 
UK) cycles 
through the relay contacts with an open circuit voltage 


cycles at 1 cycle per sec, puts 25 pa at 


of 25 mv. but indicates failures for contact resistance 
in excess of 300 ohms. We test every relay having a dry- 
circuit application for 100.000 operations: our qualifica- 
tion evaluations run sample relays to 1.000.000 and we 
observe the number of misses per 100,000. There is 
almost no limit to the sensitivity one can specify. Re- 
cently a tester was developed that tests at a variable rate 
up to 5 cycles per sec with current as low as 1 pa 
through the contacts. at 1 mv open circuit voltage. re- 
cording misses of 330 ohms or more. There is no known 
lower limit to the current at which relay contacts can be 
tested nor. apparently. to the current for which relay 
contacts are employed. Dry-circuit testing procedures 
are now quite varied in level. rate and sensitivity. The 
‘classification of relay usage levels’ that was attempted 
last fall by the NARM can not have any real significance 
until there is a correlation of tests at various levels and 
the necessary research to permit the prediction of per- 
formance at other levels from such data.” : 
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Automatic 


Life Testing and Data Recording 


Static and dynamic life testing of statisti- 
cally significant numbers of components 
involves prohibitive manpower require- 
ments. The test equipment described in 
this article was designed to provide a high 
degree of automation in mass life testing 


transistors. diodes and other 


of tubes. 
components under controlled operating 
conditions, with the data being automati- 
cally read out and printed at predeter- 


mined times during the life test. 


STEPHEN FOLDES 
Project Engineer 

Systems DeveLtopmenr, IN«¢ 
Binghamton, N. Y. 


DESIRABLE GOALS IN THE DESIGN of automatic instrumen- 


tation for component life testing include flexibility. pre- 
cision control of operating conditions, accurate automatic 
data taking and print-out. and the capacity to accom- 
modate a_ statistically significant quantity of compo- 
nents 

The test equipment described herein was designed t 
illow mass life testing of vacuum tubes 


diodes. and other 


transistors. 
components under controlled operating 
conditions. the data being read out and printed auto- 
matically at 10 predetermined times during the life test 
Provision also exists for obtaining printed data on all 
of the specimens at any desired time in addition to the 
preset times and to obtain data on anv selected sper imen 
at any desired time. The data thus obtained are neatly 
tabulated 


time so that the typed information is easy to use for 


identified with a specimen number and elapsed 


analysis of test results. The equipment conserves skilled 
manpower for more fruitful tasks than data taking. and 
eliminates the factor of human error from obtained 
readings 

Figure | illustrates Model 815 Life Test Set designed 
and produced by Systems Development. Ine. The design 


provides for static and dynamic life tests on receiving 
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type tubes and transistors in accordance with ¢ 
ment specifications MIL-E-1B and MIL-T-12679/3B and 


with similar industry standards. A block diagram of the 


rovern 


system is shown in Fig. 2. A desk type control console 
connects to the specimen and power supply racks through 
a cable. and all program functions, measurements and 
print-out are obtained at the console. 

Ten chassis are mounted in each of the ten specimen 
racks and each chassis contains ten test positions. the 
total system capacity being 1000 specimens 

System Programming. [he operating sequence of 
the test is accomplished through control of specimen 
selection for measurements. control of the digital read 
out device and metering line selection. and control ot 
typewriter functions as shown in Fig. 3. The program- 
ming system includes a digital clock. which causes the 
in tenths of hours) to be printed out with 
(\utomati 
may be interrupted if it is desired to use the typewriter 


elapsed time 
each measurement sequence. programming 
to type notes or headings. or for other manual uses 
In automatic operation. the typewriter prints out the 
specimen number. the time. and four current readings 
in succession. The machine stops for each current read 
ing until the measuring instrument comes to a balance 
Then it prints out the digitized reading and advances t 
the next measurement. Four panel lights indicate whic! 
current is being metered. The digitizing circuits can be 
disabled by means of a panel switch to prevent a read 
out. This feature is useful for holding a reading fo 


calibration or standardizing. or for observing rapid 
variations or jitter of any of the currents being metered 
When the switch is turned off. the print-out takes place. 
ind the programmer advances to the next current read 
ing. After all the currents have been read out. the ty 
writer comes to rest at the end of the line of readings 
the unit is in manual condition. In automatic condition 
the rest will be only momentary to allow the speci 

selector to advance to the next specimen. then the ( 
advance and carriage return functions of the typewriter 
put. It is also 


possible to print out the data repeatedly and = auto- 


operate. and a new line of data is printed 


matically on any selected specimen if a record of this 
iture is desired for rapidly changing conditions. 
Specimen Selection. Specimen selection is achieved 
by means of three automatically or manually operated 
decade selector switches. one each for hundreds. tens and 
units. The simplified line diagram (Fig. 4) indicates the 
manner in which a particular specimen is selected for 
read-out. Let this specimen be No. 354. The cabinet 
selector switch in the control console is set to No. 3. 
The line going to the cabinet containing specimens 30] 
to 400 is energized. (There are as many of these lines as 
there are cabinets in the system, up to 10 total.) A relay 
within the cabinet is energized. and its contact in turn 
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Automatic life test set and control console installation 
at Wright Air Development Center 


he common side of the chassis sele 


cabinet 


he 


No 2 The line going to the No. 5 cl 


vs 


ult 


walter 


ctor relays in 


chassis selector switch in the contro console 1s 


hassis selector 


in all cabinets is energized. and since a returt 


exists in cabinet No. 3. the No. 
cabinet closes. This relay has 10 


going to each of the points on t 


of the position selector stepping 


corresponding chassis. 


The position selector switch in the con 


set to No. 4. The line going to the No. 4 


closed 


causes 


chassis selector relay is energized. 


the position selector stepping swit 


to position 4, completing the operation 
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Fig. 2—Block diagram of automatic life 


Specimen 
rocks 


Power supply 


rocks 


5 relay in the 


contacts, one 
he positioning 


switch on the 


trol console 1s 
contact of the 
and thereby 


ch to advance 


testing system. 





The position selector stepping switches are always 
returned to the “home” position after a read-out, so that 
cross-connections hetweer specimens are not possible in 
normal functioning. In the home position the signal 
metering lines are open. and the specimen power supply 
onnections are made directly on the stepping switch, 
instead of through the metering lines in the control 
( onsole. 

Impulses generated after each print-out line by the 
programming system cause the units switch to advance 
to its 1O successive positions. As this switch advances to 
the tenth position. the tens switch is caused to advance 
one step. As the tens switch advances from the first to the 
tenth position, the hundreds switch is caused to advance 
When the total count has been reached. the next impulse 
causes the hundreds switch to advance to zero. Auxiliary 
circuitry provides for cessation of the automatic read- 
out at this point. until it is re-cycled by any one of several 
means. A pushbutton switch on the panel allows reset 
of the unit to zero at any time. Manual control of the 
switches is accomplished with indicating knobs. Any 
desired specimen may be set up on the selectors for 
read-out. 

\ shift register consisting of a relay and diode matrix 
receives information from the specimen selector switches 
is to the rack and chassis which is to be metered. and 
puts these data into non-ambiguous form for prope! 
selection of sequence 

Program timing is ntrolled by an electrically op- 
erated digital clock. which reads test elapsed time in 
tenths of hours. This counter is driven by the digital 
clock used for print-out and is manually resettable. A 
10-hr movement within this unit causes a stepping switch 
to advance one step each 10 hr. After each 100 hr. the 
stepper resets. and a second stepper advances one step. 
The 20 points of the ste pping switches are brought out to 
20 panel jacks. which may he energized at the times 
they represent—that is. each 100-hr interval and each 
10-hr interval. Through plugs inserted in the jacks repre- 
senting a desired read-out time. a relay is energized: 
this causes an automatic read-out cycle to be initiated, 
provided the steppers are on the selected position. In 


the position representing 1000 hr. the switches auto- 
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Fig. 3—Control console simplified block diagram. 
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Fig. 4—Specimen selection circuits. Simplified diagram indicates selection of specimen No, 354. 
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Fig. 5 


matically reset to zero and the power supply input power 
is shut off. thus ending the test. 

Measurement and Print-Out. The fundamental 
measuring element in the system shown in Fig. 5 is a 
Leeds & Northrop indicating potentiometer which has a 
50-mvy full scale range. This unit is mechanically coupled 
to a shaft digitizer of 4-digit decimal capacity. The 
comp'ete instrument is designated as a Fischer-Porter 


7 ype P 


Digicoder. It is rated at 0.25 per cent accu- 
racy: the shaft digitizer has +1 digit accuracy. Means 
are provided for standardization through a built-in stand- 
ard cell. 

As each metered current is measured. the potentiometer 
servo is allowed to balance. and. after a brief delay. the 
print-out occurs. The length of delay and the allowabl 
servo balance error are adjustable. 

Scaling of the potentiometer is arranged to cause full 
deflection for 50 my d-c input. The monitored currents 
are fed through automatically selected shunts which pre- 
sent up to 50 mv drop to the potentiometer input ter- 
minals for the full scale of each range used. The re- 
quired current ranges for each cabinet are manually 
preset at the control console. Four metering ranges for 
each specimen rack may be selected. Positive or negative 
current readings may be selected on any switches regard- 
less of the state of the other switches. There are 11 posi- 
tions per switch. allowing the selection of a “monitor” 
position or any one of five current ranges with either 
polarity. Range selection is accomplished by automatic 
switching of different shunts across the meter terminal 
according to the preset program. 

This very flexible switching system allows the testing 
of widely different specimens in each rack. as long as 
any one rack is loaded with specimens of one kind only. 
or with specimens sufficiently similar as to require the 
same meter ranges. 

The monitor terminals allow the connection of a volt- 






Current measurement, analog-to-digital conversion, and print-out system. 
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Decade advance | 








seriolizer program 





Balance 
sensor 


Typewriter 


meter or oscilloscope to the instrument when no current 


measurement is called for. A current metering jack al- 


lows the connection of a laboratory instrument in series 
with the metered variable so that correlation or calibra- 
tion may be accomplished. 

Heater Cycling. For vacuum tube test. a 24-hr clock 
timer is arranged in a relay circuit to operate the tube 
heater power supplies for 1 hr and 45 min out of every 
2 hr. and to shut them off for the other 15 min. By means 
of an arrangement of actuating pins, any other on-off 
cycle based on 15-min minimum intervals may be estab- 
lished. The 


interruption of 


. 1 1 
associated relay 


circult also provides tor 


automatic recording of electron tube 


specimens while the heaters are off (plus about 2 min 
for heater warmup). 

Specimen Chassis. In each test position. ten indus- 
trial type octal tube sockets are mounted on a flat deck 
Socket pins are 


parallel and connected to power supply selector switches 


behind a hinged panel! for easy access. 


mounted on the vertical panel behind the sockets. Pins 
| through 4 of the sockets are used to meter the variables 
and are connected to the power supply selector switches 
through the rotary solenoid operated specimen selector 
switch mounted behind the panel. The actual capacity 
of this equipment depends upon what is being tested. 
It is feasible to test two transistors per test position: on 
the other hand, because of power supply or size limita- 
tions. it may not be possible to load vacuum tubes in 
each rack to full capacity. - 
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Conductive 


Adhesive 
for Electronic Applications § 


Improved silver-epoxy formulations have a dual purpose: mechanical 


as well as electrical connection between various materials. Applica- 


tions include the bonding of barium titanate elements to themselves 
and to ferrite rods: the preparation of surfaces of nonconductors so 
that they can be electroplated: and the repair of printed wiring in 


the vicinity of temperature-sensitive components. 


riMOTHY J. KILDUFF and A. A. BENDERLY 


DiaMonp Orpnance Fuze Lasporatories 


Washington, D. C. 


IN ELEC PRONIC EQUIPMENT DESIGN it is necessary to pro- and spread. It produced bond strengths reported to be 


vide for mechanical, as well as electrical. connection of less than 2000 psi. A similarly high-viseosity adhesive 


numerous materials of dissimilar character. In many 


based on a 50:50 mixture of silver and high-viscosity 
instances, an adhesive could serve both purposes if it 


epoxy resin, and yielding bond strengths of about 7000 
psi. was reported by the Naval Ordnance Laboratory. (2 


could display the following unique characteristics: (1) 


conductive adherence to materials whose intrinsic prop- \ recent patent | 3} describes a very viscous cement 


erties prohibit conventional soldering: such materials 





include ferrites, ceramics. plastics. and certain metals. 
and (2) low-temperature bonding to materials that can- 
not tolerate the elevated temperatures encountered in con- 
ventional soldering techniques: examples of bondable. 
heat-sensitive materials include certain semiconductors 
such as polarized titanates and thin layers of selenium. 

A prototype conductive adhesive. formulated by Stan- 
ford Research Institute from a 70:30 mixture of silver 
powder and epoxy resin, and 3 to 4 per cent of an amine 
curing agent. has been briefly described in a report (])* 
of work carried out on a military contract. The reported 
formulation was so viscous that it was difficult to apply 
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containing 73 per cent silver, 24.5 per cent of a mixture 
of epoxy resin and catalyst, and 2.5 per cent of solvent 
(diacetone alcohol) but offers no data on bond strengths 
or conductivity. 

The objective of this present investigation was to de- 
velop a conductive adhesive of lower viscosity. high bond 
strength. and low resistivity. It was also required that 
this adhesive be capable of complete cure at tempera- 
ures no higher than 100 C. 

It was decided to retain an epoxy resin in the formu- 
lation because of the excellent adhesion of such resins 
to a wide variety of materials. Metallic silver was also 
retained because of its high electrical conductivity. The 
addition of a 


reactive diluent. butyl glycidyl ether. 


ELECTRICAL MANUFACTURING 





seemed desirable because prior work had shown that 
much as 9 per cent of it. when added to a comme 
epoxy resin reduced the viscosity of the resin Irom 100 
Lov poise = to about 6 polses, Viscosity values determi 


at 254. 


Experimental Methods 


{. Materials and Formulations: 
The modified resin that served as a standard in this 


pe <ent work Was as tollows: 


Constituent Parts hy weight 


Commercial epoxy resin. 
viscosity 100-160 poises HW) 


Butyl g!veidyl ether 





( cnishitnia: dihaield 10 Fig. 1—Power-driven mortar and pestle for mixing conductive 
-ilver-e poxy adhesive 
Five parts by weight of a curing agent. dimethylamir 


propylamine. were used per LOO parts of weight of this 





modified resin. The conductive constituent of — the 

adhesive was a fine-grain silver flake. Formulations wer: 

coded 2-43. 2-6535. 2-64. and 2-5545. representing silve Table 1— - 

to modified-resin ratios of 70:30. 65:35. 60:40. and Resistances and Bond Strengths of Various 

95:45. Thus, the final composition of an adhesive i" Silver-Epoxy Conductive Adhesive 

taining the 70:30 silver-modified-resin mixture was as Formulations Mixed by Hand 

follows: 69 per cent silver. 26.5 per cent resin, 3 per cent 

butyl glycidyl ether and 1.5 per cent curing agent. Adhesive Ratio of silver Average Average 
One formulation was also prepared with double the formulation to modified resistance, tensile 

; No. '* resin ohms strength, psi 
above concentration of curing agent. 


B. Mixing 2-73 70:30 0.0015 4750 


The epoxy resin and the reactive diluent were first 


eater ; 2-73A 70:30 Range 0.001- 5500 
mixed together. To a measured quantity of this mixture. 0.5 (erratic) 
the silver flake was slowly added with continuous mixing. 
The viscosity of the mixture increased progressively to 2-738 70:30 0.89 4200 


that of a thin paste. 2-€535 65:35 0.0016 5250 
Due to the viscosity of the mixture. and the fluffiness of 


: “ie ; ge ; -64 :4 iy ; 
the silver flake. mixing was accomplished initially with a oe anne 7“ 
a mortar and pestle over a period of about 0.5 to 1 hr. 2-5545 55:45 Range 3-80 3650 
This hand-mixing equipment was later superseded by the 7 nathan 


power-driven mortar and pestle illustrated in Fig. 1. 





The time of power mixing was more closely controlled: sCcnedl I be oc 200 ¢ 
in most cases to periods of 0.5, 2.5 or 4.5 hr. 
To the hand-mixed and power-milled formulations, a 
curing agent was then added. The adhesives were then 
applied and cured as described in sections D and E, be- 
low, and tested as described in sections F and G. Results 


appear in Tables I and II. D. Bonding: 
C. Storage: Cylindrical brass test-plugs, 0.25 sq in. in cross-sec- 
Adhesive formulation 2-73F, containing 70 parts silver tional area, were cleaned with methylethylketone and 
and 30 parts modified-resin by weight, was power-milled “bright-dipped” for 3 min in the following solution: 


f S p ‘ > _ » z » ? j ) = fo ¥ . ] 
for 0.5 hr and stored at room temperature. Portic ns of cities is a ie dae 
the adhesive were withdrawn after 4, after 26. and after 


‘ . Phosphoric acid, conc. 39 
109 days of storage and curing agent was added. Each ee eee as 
: : - ; > Nitric acid. conc. 2) 
of these specimens was applied. cured. and tested in the aa ‘4d wm 0 
° ° ° . . celtic acid, giacila & 
manner described below in sections D, E and F, re- : 
spectively: the bond strength of the 109-day-old specimen The plugs were then rinsed with water. dried. and 
was also evaluated as described in section G. Results are inserted in a two-piece jig as shown in Fig. 2. The top 
given in Table III. and bottom halves of each set of plugs were separated 
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to the desired distance with the use of a feeler gage. 
and then locked in the jig with set screws. The jig was 
disassembled into its two parts, each with the halves of 
the plug-sets fixed in their relative positions, but with 
the plug-faces exposed. The adhesive was applied to these 
faces and the jig was reassembled. Excess adhesive was 
then squeezed out between the two halves of each set of 
plugs. This excess adhesive was chipped off the plug after 
the adhesive was cured. 

The pre-determined spacing between plugs provided an 
accurate control of the thickness of the bond layer. In 
most instances this thickness was set at 0.005 in.: in a 
few cases (see Fig. 3). 

E. Curing: 

In most cases the p!'ug-assemblies in the jig were 
heated at 100 C for 1 hr. This condition applies to the 
investigation of an increased concentration of curing 
agent. results of which are given in Table IV. The effect 
of additional cure time was investigated: in this case 
the curing time was increased cumulatively from 1 hr 
to 20 hr: results are shown in Fig. 3. where each curve 
represents a single specimen. The effectiveness of lowe 
curing temperatures was also determined: 


it was increased to 0.010 in. 


these con- 
ditions were: (1) room temperature for 24 and 112 hr 
and (2) 65 C for 5 hr. Results are given in Table V. 

F. Electrical Testing: 

The resistances of adhesive layers between brass plugs 
were measured with a Kelvin bridge. Since the cross- 
sectional area of the plugs was 0.25 sq in., the area of 
the adhesive layer was similar. The length of the resist- 
ance path was controlled at either 0.005 or 0.010 in., as 
explained previously. 

For comparative purposes, a set of brass plugs was 
soldered together with a eutectic tin-lead solder and the 


resistance of this assembly was determined to be less than 
0.00008 ohms. 


G. Bond Testing . 
After the above-described electrical testing, the plug- 


assemblies were pulled apart in a small laboratory-auto- 
matized iensile tester (see Fig. 4). 


Discussion of Results 


An examination of Tables I and II shows that hand 
mixing or excessive automatic milling resulted in errati: 
or non-reproducible resistances. Milling for only 0.5 hr 
yielded reproducibly low resistances. As might be ex- 
pected. the 70:30 ratio of silver to modified resin gave 
lower resistances than formulations with somewhat less 
silver. However. the differences shown were slight and of 
little practical significance. The 70:30 mixture was pre- 
ferred bec ause mixtures of lower silver concentration 
showed some signs of separation when examined visually. 
The bond strengths of all the mixtures averaged about 
1500 psi about 25 per cent and did not differ sig- 
nificantly one from another. 

It is apparent from Table III that a 70:30 mixture. 
not containing curing agent, after milling for 0.5 hr. 
was stable for the entire storage-test time, a period of 
more than 3 months. 

Table IV shows a slight decrease in resistance when 
the adhesive was cured with double the normal concen- 
tration of curing agent. From the practical viewpoint. 
this determination demonstrates that a large excess of cur- 
ing agent has only a small effect on the resistance and 


none on the bond strength. This point assumes some im- 


150 









Farad 2! 
bivcbotobiti tered] 


portance when small batches of adhesive are 








prepared 
and difficulties are encountered in adding minute quan- 
tities of curing agent precisely. 

Figure 3 shows a slight decrease in resistance resulting 
from prolonged cure of the adhesive at 100 C. From the 
practical viewpoint there was a negligible change in 
resistance when the cure exceeded 1 hr. 

As expected, Fig. 3 also shows an approximate doubl- 
ing of the resistance due to a doubling of the thickness 
of the adhesive layer. that is. the volume resistivity of 
the cured adhesive is not a function of film thickness. 
Therefore. using a resistance value of 0.004 ohms, the 


volume resistivity was calculated to be approximately 


Table ti — 

Resistances and Bond Strengths of Silver- 
Epoxy Adhesives Prepared by Automatic 
Milling for Various Periods of Time 





Ratio of Average 
Adhesive _ silver to Average tensile 
formula- modified Milling resistance, strength, 
tion No.‘ resin time, hr ohms psi 
2-73C 70:30 0.5 0.003 4200 
2.5 0.005 4880 
4.5 0.25 4200 
2-73D 70:30 0.5 0.002 4600 
4.5 0.26 5100 
12.5 Range 0.2-80 4750 
(erratic) 
2-6535A 65:35 0.5 0.006 4400 
2.5 0.009 4950 
4.5 0.0005 3900 
2-6535B 65:35 0.5 0.006 
2.5 0.045 
4.5 Range 0.8-7.1 
(erratic) 
2-64B 60:40 0.5 0.007 - 
2.5 0.008 — 
4.5 0.010 - 





‘*)Cured 1 hr at 100 C. 
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Fig. 2 


adhesion 


left Jig for positioning of 


test-plugs prior to curing 


Fig. 3 right) —Resistance vs 


cure 
time for bond layers of three speci- 
mens each of two thicknesses of  sil- 
ver-epoxy adhesive: adhesive 2-73F 


70 silver 30 modified resin). 


0.5 ohm-cm for a typical 70 (silver) : 30 


This he when 


necessary. by increasing the ratio of silver to resin. How- 
ever. a corresponding i 


( modified-resin 


formulation. 


resistivity could lowered. 


nerease in viscosity would result. 
The results may be 


lL Ac 
thin 


' 
ohm-cm. and 


summarized as follows: 


mynductive adhesive having the consistency of a 


paste. a volume resistivity of approximately 0.5 


bond strengths greater than 4000 psi. was 
formulated with 69 per cent silver flake, 26.5 per cent 


epoxy resin, 3 per cent reactive diluent, and 1.5 per cent 


' 


amine curing agent 


2. No 


ta dec reases of 


significant change in resistivity resulted from: 


as much as 10 per cent in the concentra- 
tion of silver: | 


fied 


these constituents was 


however, 


separation of silver and modi- 


resin was observed in 


mixtures where the ratio of 
less than 70:30, 


b) a substantial 


excess of curing agent. or (« 
100 C, 


g at 65 ( 


prolongation of cure be- 
yond one hour at 


». Curis resulted in a 3- to 5-fold increase in 
100 C. Cur- 


temperature resulted in considerably higher 


resistivity over that resulting from a cure at 


ing at 


room 


and unstable resistivities. 


1. Silver-resin-diluent mixtures not containing curing 


agent were stored for at least 
their 


} months without change in 
electrical 
of and om- 
mended. If a power-driven mortar and pestle is used. mill- 
ing time should be kept below 0.5 hr. 


adhesive or 


>. Automati 


properties. 


milling silver resin is ret 


Table tlil— 


Resistances and Bond Strengths of Silver- 
Epoxy Conductive Adhesive 2-73F‘° 
After Storage 





Average Average 
No. of Storage time, resistance, tensile 
specimens days ohms strength, psi 
4 4 0.013 ~ 
4 26 0.007 ~— 
4 109 0.007 3850 





(*)70 silver: 30 modified resin, milled automatically for 0.5 hr 
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The following are a number of applications in which 


this conductive silver-epoxy adhesive has played a uni- 
que role: 


- Ferrite 


required a 


microwave detec 


betw een 


These 


ferrite 


detectors 


conductive bond and 


rods 
Since the titanate would 
ve depolarized at temperatures above 100 C. conventional 
soldering or glass-bonding techniques could not be used 
sequent repolarizing of the titanate tube. The 
conductive silver-epoxy adhesive. when cured at a 
perature of 


tubes. 


polarized barium titanate 
} 


without sul 


tem- 


65 C. furnished a 


strong bond and a high 


order of conductivity. 
ee High-frequenc y 
the 


elements in a 


brators >). These vibrators em- 
adhesive to 


stack. The 


offered low-temperature bonding. 


ployed 


silver-epoxy barium 


connect 


titanate adhesive 


conductive 
in elec- 
compared to that resulting from the 


use of an insulating adhesive. Similar bonding has been 


and reduction 
trical capacitance 


achieved with barium titanate accelerometers and quartz 
plates for transducers. 


>. Selenium rectifiers and use of 


By the 
ontact was made to the 


capacutors. 
silver-epoxy adhesive. electrical « 
upper faces of selenium rectifiers and capacitors that 
employed thin oxide films as In the 


have 


their dielectrics. 


former case. 


high-temperature would 


the 


bonding 


altered the characteristics of 


rectifying barrier: in 


Table IV— 


Resistances of Conductive Adhesive 2-73F‘° 
Cured with Two Concentrations 
of Curing Agent’) 








Average 
No. of Parts curing agent by weight resistance, 
specimens | per 100 parts modified-resin | ohms 
4 5 0.008 
4 10 0.002 
(2/70 silver: 30 modified epoxy resin, milled automatically for 0.5 hr 


(>) Dimethylaminopropylamine 





the latter case. conventional soldering resulted in a 
higher rejection rate due to soldering-iron damage to the 
delicate oxide film. 

1. Battery terminals. By means of the silver-epoxy 
adhesive, successful electrical connection was made to 
battery terminals in applications where soldering tem- 
peratures were known to result in damage to the batteries. 

5. Surfaces for electroplating. A thin layer of the 
silver-epoxy adhesive spread on plastics and other non- 
conductors served as a tightly adhering initiator for 
subsequent electroplating: a similarly applied thin layer 
served as a high-frequency electrical shield. 

6. Repairs to printed circuits. Durable repairs in the 
vicinity of temperature-sensitive components have readily 


heen made with the conductive adhesive. 
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Resistance readings were unsteady. 


24. “Experimental Evidence for Melted Regions in Metal Crystals 
Resulting from Particle Bombardment,” J. M. Denny, Bull. 
fm. Phys. Soc. 29. 3. pp 19-20 (1954). 
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LOUIS J. PERROTTET 


Publisher of “Electrical Manufacturing Becomes 
President of The Gage Publishing Company 


Culminating plans inaugurated by the late L. C. Fletcher. President of The Gage 


was elected President of the company ef- 


He continues as Publisher of ELECTRICAL MANUF 


Publishing Company. Louis J. Perrottet 


fective May 1]. 1958. ACTURING. 


After eight years of publishing experience following his graduation from the 
University of Illinois in 1930, Perrottet joined the staff of ELECTRICAL MANUFAC- 
TURING in January 1940 as a District Manager. A firm believer in the marketing 
approach to advertising. he followed this principle assiduously for 11] years in selling 
advertising for ELECTRICAL MANUFACTURING. 

The analytical approach. not only to advertising but to 


ther publishing problems 
as well, marked Perrottet for a role in 


management. He was appointed Business 
Manager of ELECTRICAL MANUFACTURING in 1951 and Vice President of the company 
in 1956. In the latter year he also was named Publisher of ELECTRICAL MANUFAC- 
TURING and assumed responsibility for overall direction of the publication. 

Mr. Perrottet takes over as President at a time when the staff has grown to the 
largest size since The Gage Publishing Company was founded in 1892. The editorial 
department particularly has been expanded repeatedly in recent years to serve the 
vastly increased technical interests of ELECTRICAL MANUFACTURING’s carefully selected 
readers in the fie'd of electrically operated products. Frank J. Oliver, Editor of 
ELECTRICAL MANUFACTURING for the past thirteen years. and a Vice President of the 
company since 1956, heads this staff of unusually competent technical editors. 

Other departments of the business are similar'y staffed with qualified personnel 
trained to maintain the serious publishing approach that has always characterized 
ELectricaL MANUFACTURING. 
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New Solenoid Relay 
for 
Industrial Controls 


INGENIOUS DESIGN ind ittentior i 
detail have resulted in a new multi- 
purpose relay for such applications as 
piloting machine and_ process-control 
contactors. solenoids. electromagnet 
brakes and clutches and similar equip- 


ment. The Type HR relay developed 
by Ward Leonard Electric Co. of 
Mount Vernon. N.Y. Fig lisa basi 
unit available with either a-c or d- 
coils and with contacts from 2 to 8 


poles in any combination of normally 





Fig. 1—New Ward Leonard solenoid re- 
lay, Type HR. An available d-c magnet 
assembly is directly interchangeable 
with the a-c unit shown. 
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pen or closed. In_ the I f 
relay rating is 10 amp. 600 volts ‘ 
nd the d-« relay is rated tk H | 
115 volts or 1 amp. 230 volts. ¢ ging 
ils to secure diffe erating 
ges, adding or removing poles 
even changing mtact irrangelr I 
from NO to NC or the reverse f 
readily accomplished wth a minim 
of disassembly or of interference wit 
existing circuits 
There are certain requirements for 
relavs to be used in fields such as n 
hine-tool control. Contact ratings must 
be at least 10 amp a-c. solenoid of 
ration is mandatory neither single 
break contacts nor pigtail leads are 
permitted, and both contacts and coils 
must be accessible The design of the 
new relay was undertaken to meet 
these requirements in addition to 


= 


high 


ease of installation 


achieving the necessary 


reliability. and of 


service. and ruggedness 


\ space-saving feature of the design 
is demonstrated in Fig Simply by 
loosening two screws. the E-magnet 
and the molded and sealed coil may 
be removed since there is no plunger 


he 


permits 


the This 


replacement or change 


to dropped out of coil. 
ready 
of coil for different operating voltages 
An entire 


Fig. 3 


moved, 


pole assembly. shown 


in 
its melamine 
be added 


without 


with cover re 


may to or removed 
other 
stationary contacts. Fig. 2. 
faced that changing a 


pole from NO to NC or the reverse is 


relay disturbing 


The 


are double 


irom a 
parts. 


so 


a simple matter. In order to do this. 


the moving-contact bridge and its coil 


spring are removed from the Nylon con- 
in 


and inserted 


The Nylon 
slot the 


bridge which in operation simply and 


tact-actuator reverse 


positions, actuator has a 


beveled for moving-contact 


effectively causes a_ contact wiping 


action by imparting a lateral motion to 
terminals 


the bridge. Coil and contact 





> 


Fig. 2 Removal 
of new relay is 
disturbing contact 


armature 





Fig. 
with 


3 


ot 


er omplishe d 


E-magnet 


Pole assembly 
insulating 


cover 


Tt 


and 
wi 


or 


coil 
thout 


relay 


of the HR relay, 


removed. 


Al 


MANUFAC 


TLRING 





provided 


the 
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. Ch k D . netic intensity (H the steel is pe " 
in Choke Design \°..""" 
x 
5 ) : We ke I] g 
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Relation of L/R and LI in chokes on square stacks of oriented, AIS] M7, 29-gage standard 
105 C. 


H, 


laminations. l oersted, and resistance 





measured at (Lamination designations as per Magnetic Metals Company.) 
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Gasoline-Submersible 
Motor Designed 
for Compactness 


E. C. BRIGGS 
Lecanp Exectrric Co. 
Davton 1, Ohio 
\FTER FUEL. 
the automotive industry faces serious 


ADOPTING HIGH-OCTANEI 


vapor-lock problems in gasoline stor 


age and dispensing. Increased  dis- 
tances between storage tanks and pump- 
ing units in larger service stations 
have intensified the difficulties in fuel 
handling. Experience with their use 
in aircraft indicated that completely 
immersed pumps do not introduce air 
into fuel lines or cause turbulence. 
The Leland Electric Co. has developed 
a submersible gasoline pump motor 
as a safe and efficient solution to the 


vapor lock 


handling systems. The complete sys- 


problem in ground fuel 
tem consists of the motor and a pump 
submerged in the underground tank. 
activated by remote-control switches 
at each dispenser. 

It was necessary that the motor to 
be used for gasoline service station 
pumping be small enough to fit into 
the standard 3% in. diam opening of 
storage tanks, including gasoline pip 
ing and electrical conduit. In the final 
design. Fig. 1, a 2 in. liquid-discharge 
pipe and a ¥% in. conduit are arranged 
axially at the upper end of the motor 
The motor stator diameter is held to 

minimum and the customary outer 


steel shell is omitted: the stator core 





Fig. 1 
motor for use with volatile-liquid pumps. 
(Leland Electric Co. Div. of American 
Machine & Foundry Co... Dayton, Ohio. 


Cutaway view of submersible 


is welded with full-length beads and 


any voids between 


pressure-filled with epoxy resin. The 


outer shell of the motor. Fig. 2. is an 


iluminum extrusion with six longi- 
tudinal internal ribs that increase the 
rigidity of the shell and channel 
straight-line flow of the gasoline be 
tween the outer shell and the stator. 
The gasoline flowing direct con 


tact with the stator provides effective 


ling. In order to obtain the most 





laminations are 


power from the shortest possible length 
motor, high-grade electrical sheet steel 
laminations are employed and the 
motor design is for maximum efhciency. 
A high full-load speed gives maximun 
delivery from the centrifugal pumps 
employed with the new motors because 
the capacities of these pumps depend 
directly on their speed. At present, 

and “4-hp motors are available 
and are being used in gasoline service 
projected 


stations: larger units are 


for other fuel-handling applications 
Performance data for the y-hp motor 
are shown in Fig. 3 

standards 


Underwriters Laboratory 


required that the motor-lead conne 
tion cavity be sealed from gasoline. but 
complete sealing of the internal motor 
cavity proved to be impossible. 4 
porous plug that permits free passage 
of gasoline was adopted, the wind 
ings were epoxy-resin sealed, and ar 
explosion-proof cavity submerged ir 
the gasoline adjacent to the motor con 


Mylar 


epoxy-glass and = polyester-glass lami 


tains the lead 


connections 


nate provide electrical insulation with 


maximum economy of space. Inert and 
gasoline resistant icket material 
(monochlorotrifluorethylene - en 
ployed on the motor-connection leads 


In the rotor, maximum shaft diam 
eter and mechanical strength are ob 
tained by emploving a brazed copper 

] 1 


ournal is in. diam 


+ 


bar and end-ring structure. The bearing 
read i it 


wer 


the end for attachment of the pump 
impeller. An advantage of the design 
is the ease with which the motor can 
be adapted to various pumps. It is 


necessary only to change a separable 


adapter and the shaft extension to fit 


i particular pump. The sleeve-bearing 
ournal assembly receives lubrication 


from three full length axial grooves in 





=- 2 
: 
= 
> c 
va 4 ce 
bh t = 
4 4- 
Fig. 3—Typical performance, submer- 


sible pump motor, *, hp, single phase, 


3450 rpm, 230 volts a-c. 
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the bearing bore. In the *4-hp motor 
the thrust bearing is designed to with- 
stand 100 Ib axial thrust continuously. 
Lubrication is obtained on the face of 
the thrust surface through three radial 
V-grooves that act as both lubricating 
channels and as cleaning grooves. A 
rocker makes the thrust 
distributes the 


thrust 


double-action 


face self-aligning and 


load 


area 


uniformly over the entire 
An automatic thermal cutout imbed- 
ded in the 


against overheating that might 


motor protects the motor 
result 
supply 


from, for instance, an 


tank 
mal cutout in the control box provides 


additional locked 


impeller or malfunction. One 


empty 
An additional manual reset ther- 
protection against a 
other 
design is used for 


basi control-box 


Various sizes of motor, components 
being changed to suit the particular 
motor rating. The control box contains 
start- 
and the 


ind connection ter 


starting and line-contactor relays, 


ing and running capacitors, 


switch 


necessary 


minals 


Positioning Drive 
Uses 2-Winding 
A-€ Motor 


TO LOWER COsTs 
i1utomatic and semi-auto- 
machines and processes, 
among vari- 
prob- 
] 


identical 


frequently found that 


= the engineering 


but not 


pricating 


similar 
industries, 


pnhvsi al 


nature o 


be worked introduces 


quirements tor 


machines 
that are not met ir 


working steel and other 


l 


iaterials that are relatively stable me- 
chanically. The consequent tendency 
for drives and their controls to be nor 
standard and elaborate in some process 


check for 


connection wit! 


must be held in 


industries 


economi reasons In 


1 rubber-processing machine known as 


1 “horizontal bias cutter.” there was 


lear need for automatic cycling. but 


i « 


sequence of operations and other 


rticular requirements for ihe ma- 


hine and process ruled out all of the 


ivailable standard motor and control 


ombinations. The engineering task be 
ame that of developing a drive having 
reliability 


maximum ruggedness and 


but low in cost. 
The purpose of the machine is to 


cut calendered fabric on a_ bias, in 
various widths, for tire plies. The basic 
is a multiple-belt horizontal 


The 


machine 


conveyor, made in various lengths. 


Fig. 1—Cutaway view of 2-winding 
cooling fan, developed lor 


Machinery Co 


positioning 





induction 


control 


integral motor-driven 
National Rubber 


motor with 


system for the 








characteristic curves 


braking. 


Fig. 2—Performance 


of regenerative and magnetic 


utting mechanism consists of a mot 
knife 
motor-driven carriage that convevs the 
knife across the fabri 
cating motion. Moving in one direction, 
the knife cuts the fabric: it 
turns above the fabric 


driven circular mounted on a 


with a ree ipro- 


then re- 
as the conveyor 
is advanced and is positioned to an ac- 
before the next cut. The 


curate stop 


of 2-winding a-c motor showing action 


$ times per 


imposes a severe duty cve le 


ind control 


equipment 


id action 


required, it also 


that the mass inertia 


s apparent and 
of the drive must be kept to a minimum. 

In comparing the merits of the vari- 
ous applicable forms of drive, d-c sys- 
their 


excluded because of 


tems were 


157 











DESIGN TRENDS 


generally higher cost and complexity 
(including maintenance), despite the 
known advantages of d-c drives: readily 
adjustable and wide speed range. and 
rapid ability. 


Various systems involving standard a-c 


starting and stopping 
motors, together with gear-motors for 


the low-speed phases ot operation, 


clutches, brakes and other standard 
control components, were 
satisfactory. \ 
motor was developed that provides the 


required drive 


found un- 
special 2-speed  a-c 
characteristics simply 
and efficiently. The control system and 
the motor specifications were evolved 
by L. J. Willmott of the Willmott Elec- 


tric Co., Akron: the specific motor de- 


sign was by the Louis Allis Co. and 
Reliance Electric and Engineering Co.. 
both of 
motor. A cutaway view of the motor. 


which has an 


which also manufacture the 


motor-driven 
blower tor cooling. is shown in Fig. & 


integral 


To meet the rapid-cycling require- 
ment, the motor was designed for high 
starting torque. The two windings are 
primarily to provide two speeds, the 
higher for advancing the conveyor and 
the lower to position the conveyor to 
its final stop. The low-speed winding 
of the motor is also employed for re- 
generative braking in the stopping and 
positioning phase of 
4:1 speed ratio of the 


operation. The 
2-speed motor 
was not enough to stop the conveyor ad- 
vance reliably within the required lim- 
its of positioning accuracy. The ad- 
ditional required control precision was 
obtained by applying d-c excitation to 
the high-speed winding at the same 
time the a-c is applied to the low-speed 
winding for deceleration. The dynamic- 
braking torque produced by the d-« 
excitation assists the regenerative brak- 
ing and thus reduces the decelerating 
time. Furthermore. as the motor speed 
falls to approach the synchronous speed 
of the low-speed winding, the retarding 
torque due to the d-c dynamic braking 
is greater than that of the motor’s low 
speed positive torque. Consequently, the 
motor continues to decelerate until the 
dynamic-braking torque. which decays 
rapidly below a motor speed of 100 
rpm, crosses the torque curve of the 
low-speed winding and achieves a 
torque balance. This performance is 
shown in Fig. 2. The result is a stable 
creep speed representing a speed ratio 
of 15:1 or more instead of the motor’s 
inherent speed ratio of 4:1. 

The simplicity of this arrangement 
permits the use of standard control 
components for the entire system, since 
all that is necessary in stopping the 
motor at the desired position for the 
conveyor is to disconnect the a-c source 
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from the low-speed winding and then 
to release the d-c excitation after the 
conveyor has come to a halt, 


Nore: The foregoing was abstracted fron 
a paper presented before an AIEE con 
ference by 17 c. 
National Rubber 
Ohio. 


Jones, Chief Engineer, 


Machinery Co., Akron, 


Static 
Plug-in Modules 
for Annunciator System 


(N ANNUNCIATOR SYSTEM with no mov- 
ing parts has been designed by West- 
inghouse Electric Corp. for a generat- 
Public 
Electric & Gas Company of New Jer- 


ing station of the Service 


sey. Using modular plug-in magnetic 
elements (Fig. 1), the system is similar 
to Cypak static control systems for in- 
Static 


systems house several in- 


dustrial control applications.* 
annunclator 
formation processing components in a 
single plug-in module: standard Cypak 
industrial control systems require sev- 
eral modules. 

In the current installation, 560 in- 
Each of 


separate 


puts are monitored seven 


cabinets houses a 80-point 


alarm svstem. The points are arranged 
in 20-point sub-groups so that any sub- 
group can be removed from the syste! 


The bells, 


and lamps for the system are installed 


by a single switch buzzers 
in a control room separately from the 
cabinets containing the modules. 


The functional diagram of one chan- 





Fig. | 


function of static annunciator system. 


Plug-in module contains all 


) 


Fig. 2 


area are contained in plug-in module. 


information 


processing components for one 





Functional diagram of one channel of annunciator system. Circuits in shaded 
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REGULATION 
and 
. STABILITY 


(TUBELESS) 


SSSA 


SHORT CIRCUIT PROTECTED 








@ REGULATION (for line oad) 0.1% or 0.003 Vo 
(whichever is greater) 
7 VOLTAGE REGULATED @ RIPPLE: 1 mv. rms 
POWER SUPPLIES @ RECOVERY TIME 50 microseconds 
mw STABILITY (for 8 hours) 0.19 0.003 Volts 
(whichever is greater) 
| OUTP 
MODEL @ TEMPERATURE COEFFICIENT 0.05% per °C. Am- 
| me 88 bient operating temperature 50°C maximum. Over- 
temperature protection included. Unit turns off when 
Sc- 18-0.5, ) | 04 | . { 1 ry 1 B” | ) over-temperature occurs. 
‘SC-1 18- 1 9 | O- . 81 1 OC @ SHORT CIRCUIT PROTECTION: NO FUSES CIRCUIT 
: —— Pe ae | tore He BREAKERS OR RELAYS! Designed to operate con- 
SC-18-2 | _| O18 |_ O2 |i | -1 | 8%" 41 = are ‘eee tinuously into a short circuit. Returns instantly to 
SC-18-4 0-18 . 005} .05| 19° | 3%2"|13"_| O operating voltage when overload is removed. aon r 
Seen? a sa a ete a Pease lighting lam ps 2 and charging capacitive loads 
SC-36-0.2 _0-36 -0.2 | 11.0 | 8%"| 4¥"}1 
a et < ® OVER CURRENT CONTROL can be set from 0 to 
SC- 1836-0.5} 18- 36 | 0-0.5|.08 | .8 | 8%"| 4%e"| 13% 90.0 120% of full load. 
SC. 1836- i. 18-36 0-1 | 84a" | 4Ye 1354"| @ REMOTE PROGRAMMING at 1000 ohms per volt. 
SC-1836-2 cae 2 119 1 3y"| 13" ® REMOTE ERROR SIGNAL SENSING to maintain 
- oot stated regulation directly at load. 
11356" | ® Suitable for square wave pulsed loading. 
‘ w Continuously variable output voltage without 
switching. 
Patent Pending @ Either positive or negative can be grounded. 
@ Units can be series connected. 
A 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS ® Power requirements: 105-125 volts, 50-65 cycles. 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 400 cycle units available. 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE ® Terminations on front and rear of unit. 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. @ High efficiency. Low heat dissipation. 
SEND FOR BROCHURE B-585 w Compact, light weight for bench or rack use. 
w Color: grey hammertone. 


K te me os O ORDERING INFORMATION: 


Units without meters use model numbers indicated in 


LABORATORIES INC table. To include meters add M to the Model No. (e.g. 
+ . 


SC-18-1-M) and add $30.00 to price. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y 


*Rack adapter for mounting any two 8%” x 4%” units is 
INDEPENDENCE 1-7000 available. Model No. RA2 is 54%”h x 19”w, is $15.00 
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nel of the annunciator system is shown 
in Fig. 2. To aid in the understanding 
of the system, the name, symbol, and 
function of each logic element are given 
in the accompanying table. The se- 
quence ol operation of the monitoring 
circuit is as follows 


Device 


Condition Indicating 


Buzzer 
No fault OF Off of 
Fault condition 

registered at 


monitor point On Flashing Off 
Fault acknowl- 

edged by op- 

erator Ofl Steady Of 


Fault corrected Off 
Correction acknowl- 
edged OF OF OF 


Flashing On 


Circuit Operation. When there is no 
fault, there is no output from units A, 
B, C, D or E. Under normal conditions, 
units B and C are preset to produce n¢ 
output. If unit B does not produce an 
output, C can have no output since it 
has no input. Therefore, there is no 
signal fed back to terminal J] of unit 
B and it can have no output 

When a fault occurs, an input si 
nal is received at terminals A-], B 
D-2, and E-3. Unit 
put to ring the bell 
from either B, C or D. Unit E produces 
i pulsating output whicl iuses the 
light to flash. 


\ momentary 


{ produces an out- 


There is no output 


closing of the “ac- 
knowledge” pushbutton produces out- 
puts from units B and C. Once this 
condition has been set up, unit B con- 
tinues to produce an output after the 
pushbutton has been released because 
of the feedback signal from unit ¢ 
There is now a signal at terminal 2 of 
unit A so its output is cut off and the 
bell stops ringing. Unit D still has no 
output and unit E produces a steady 
output since steady signals are present 
it all three of its terminals. The light 
thus burns steadily. 

When the fault has been corrected, 
the output from unit E returns to 
pulsating signal since the steady signal 
on terminal 3 has disappeared. At the 
same time, the signal is removed from 
terminal 2 of unit D so that it produces 
a signal to energize the buzzer. Unit A 
is still cut off. 

All outputs are turned off when the 
operator pushes the acknowledge but- 
ton for the second time This action 
causes unit B to cut off since it has 
signals at both input terminals; con- 
sequently unit C is also cut off. Unit 
{ does not produce an output since 
there is no signal at A-] and units D 
and E are similarly cut off with no sig- 
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als at D-] and E-l, respectively. The 
system is thus returned to its standby 
ondition. 


Primary advantages of the new an- 
inciator system are the reliability of 
magnetic elements and the consequent 
long life of the system. Other advan- 
tages include built-in testing facilities 
(pressing one pushbutton switch puts 
ill of the logic elements in the system 
through a complete cycle of opera- 
tion): low power requirements (1 watt 
per module on standby and 8 watts 
when lamp is lit); and inherent mem- 
ory, which permits the equipment to 
resume proper indication after a power 


outage The function 


modules will 
properly over a voltage range from 75 
to 140 volts and are obtainable for 
operation from either a normally open 


or a normally closed signal input. 
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Welding Control 
Designed for 
Work on Small Parts 


ANTHONY V. RAINIS 

Sr. Engineer, Weldpower Group 
RAYTHEON MANUFACTURING Co, 
Waltham, Mass. 


RESISTANCE WELDING has always beer 
an excellent joining means in the fab- 
rication of small assemblies. However, 
the tendency toward smaller assemblies 
has multiplied the old welding problems 
and introduced some new ones. 

In the electronics field. materials are 
selected for the function they are to 
perform rather than their welding char- 
acteristics. It is increasingly more dif- 
ficult to keep the weld clear of coatings 
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EVERYTHING UNDER CONTROL 
























GUARDIAN 
kadershye. 


in electromagnetic control began more than twenty-six years 
ago when Guardian became dedicated to the control of 
maximum power in minimum space. Here you see preferred 
standards of micro-miniature, sub-miniature and miniature 
control of today’s aircraft, missiles and electrical industries 









ed 


<on f 
i 
= , 
a \ 
Series 1005 Micro-Miniature Control , 
| 
c oe = a eo 
Series 1005 Relay 3 Amp Double Pole, Double Throw. Meets or 
S ae surpasses requirements for all specifications 
a eo ee of MIL-R-25018 and MIL-R-5757 lo excep- 

















tions. Contact Rating: 3 Amps at 125° C. per 
MIL-R-25018; 2 Amps at 125 r MIL-R 
25018 and MIL-R-5757C Hermetically sealed 
Specify plug-in or solder ho 
” | $590 
— YX each 
Series 2005 Relay rs os 
L. 2%" W. 1%" D. 1%" | ~£ Series 2005 Sub-Miniature Control (job ot 
maximum) 5 Amp 6 Pole, Double Throw. Meets or chicago, Ill 
| exceeds MIL-R-6106B and MIL-R-5757 ae 
Built to withstand 100 G shock. Vibra- 
é lA”... | tion resistance is 10 G minimum from 75 \ 
: nF 4 to 2000 c.p.s. in all mounting planes 
eo} All contacts rated at 5 Amps 24 to 30 v 
E24 D.C., resistive load. Operates with volt- 
2. . age variations as low as 16 v. at 25°C. 
_— ambient. €~ 
PF te ee 
Series 3205 Relay PE ed i" Series 3205 Miniature Control 


L. 244" W. 12¥Q” D. 1% | 
(maximum) 10 Amp 4 Pole, Double Throw aircraft and 
Lin, missile relay uses same size envelope as 

' AN 3304 (4 P.D.T. 3 Amp relay) and is 
approximately the same weight. Designed 
to meet and exceed test requirements of 
MIL-R-6106B, Class B. Meets minimum 
current requirements of military specifi- 
cations. 





CU/nile for circulars giving complete specifications 


GUARDIAN 0 ELECTRIC 


MAM U FACT URL NG COMPAN Y 
627-G W. WALNUT STREET, ‘‘Everything Under Control’? CHICAGO !2. ILLINOIS 


Circle 153 on page 17 
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Fig. 1 


Weld current program evele, 


ind surface treatments that may be re- 
quired by the parts. Problems of parts 
deformation and splashed particles of 


the molten 


material become 


ingly important. 


Increas- 


Che Weldpower Group ot Raytheon’s 
Commercial Equipment Division, with 
financial assistance from the Navy. un- 
dertook the design of equipment par- 
ticularly suited to the requirements of 
small precision assembly work. The re- 
sulting unit. the Heat Program Timer. 
is used with its companion 
Contactor 


Thyratron 
and welding transformer to 
provide a welding power supply which 
varies weld current according to a pre- 
established “program” throughout three 
successive time intervals. 

The first interval, designated as the 
up-slope time. starts current at a low 
initial value and increases it during an 
adjustable period of 2 to 10 cycles (ref 
line frequency to a final higher weld 
ing value. This gradual application of 
heat prepares the metal surfaces by re 


ducing irregularit 


1 ities of finish and coat 
Ing and ereb presents unttorm weld 
ing nditions. Many difficult welds are 

plihed | raising the resistivity ot 

materiais with the up-slope period 
Conne é | . nor il re 
sistivity i 5 s per t 


140 K. By raising its tem 


1200 K. the resistivity is increase lto 2 

1c! k sistance weld 
possible 

Phe - I eld-time sup 
plies I it a onstant heat level 
sufficient to fuse the pieces being weld- 
ed Phis period is also 1d ustable ver 
a 2 to 10 evele range 

The third and final interval, down- 


slope. is the 
which the 


annealing phase during 
is controlled 
to reduce brittleness around the weld 
This phase. like the others. is adjust- 
a range of 2 to 10 evcles 

In the design of the heat 


timer, all 


crystal growth 


able over 


program 
intervals, as well as 
the weld-heat and low-heat values, are 
independently adjustable by 


three 


means of 
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Fig. 2 


circuit, 


Weld heat 


program control 


control knobs on the front panel. A 
simple diagram on the panel ‘indicates 
clearly the portion of the welding cycle 
controlled by each knob and is shown 
in Fig. 1 
Basically, the 


achieved by 


three phases are 


developing a da-< voltage 
with amplitude and time values repre- 
senting the desired weld current varia- 


This d- 


is applied to a pulse generator circuit 


tions described above. voltage 
whose output pulses are used to fire a 
thyratron contactor. The phase position 
of the pulses relative to line voltage is 
controlled by the amplitude of the d- 
nput to the pulse generator and there 
DY provides heat control 


\ simplified circuit diagram is shown 


in Fig 2. Capacitor Cl is held at iS 
volts by normally closed contacts 
CR1-B. Operation of relay CRI discor 


nects Cl from the 15 volts and also 
removes short CR1-A from across thvra 
Because the rid of \ 


ative jiased. its de goes 300 
ts pos t i ( harges posit 

g liode V2 e ul 

lope resis \ \ ( < 
150 volts scl { f 

liode \ This represe . Slope 

ses. Ak ad saatanili = a 

sistor A. When Cl re : 50 volts 

it initiates a mono-stable thvratron flip 


flop circuit which provides a 


period adjustable in duration by means 


of a resistor B. During this period 
capacitor C is maintained at +150 
volts. 
\t the end of the weld-time period 
pulse is delivered to the grid of V1] 


making it conductive and returning its 
anode to —150 volts. Capacitor Cl now 
from -+150 volts toward 
150 volts through diode V3 and ad- 


justable down-slope resistor ( 


discharges 


The voltage developed across Cl is 


shown as the solid line in Fig. 3. It is 








Fig. 3—Charge on capacitor Cl during 
weld current program cycle 
to be noted that the pulse enerator is 


pu Z 
held inoperative wheneve! apacitor OF 
VA is used to 


has a negative voltage 
convey this on-off information to the 


pulse generator. Figure 3 clearly 1 

dicates the period during which pulses 

to the ontactor are being generated 
Since capactto Cl voltage = Ze 

when the pulse generator Is turned o 

the pulses would be retarded and t) 

weld current would always 

ver ow level if the « ipac tag 
lone were used. To give ar 1 sta 

star g eat le | ne | 

trol E is cor ted 

{ I fixe i) I 


low-heat rol E. 1 ge 
d to cathode followe \¢ 1 
essentially the sa oltage is devel 
oped across its load resistor weld-he 
potentiometer D. The slider of this ] 
tentiometer can set the magnitude of 
the d-c wave shape to be ed t the 


pulse generator 
It is to be noted that each control 


mav be adjusted without affecting the 

Adjusting the weld- 
heat setting will change the absolute 
value of the low heat setting, but if 


low heat is calibrated in per cent of 


setting of any other 


weld heat. which is desirable. this set- 
ting will remain unchanged also. ; 
(Continued on page 164) 
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When You Need 
Reliable Control 


of Timed Operations... 


ceedeccccccccoes 





A 
Geee 


SWS eccccekpe 


YOU can forget that you have Adlake relays in a circuit, 
but the Adlake relays won’t. Here are four reasons why 
you can forget, and they won't... 


e Perfect snap-action. No pitting, burning or sticking. 

e No intrusion of dirt, dust or moisture—hermetically sealed at the factory. 
e Time delay characteristics fixed and non-adjustable. 

« Quiet. Chatterless. Requires no maintenance whatever. 


Our engineers will gladly help you with your control problems. 
No obligation. Just write the original and largest maker of 
plunger-type relays—THE ADAMS & WESTLAKE COMPANY, 
1168 N. Michigan, Elkhart, Ind. - New York + Chicago 
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Card-Operated Multiple Switch 


Fig. 1 
Cardomatic automatic multiple switch developed by the Hickok 


Mounted atop an automatic tester console is the new 


Electrical Instrument Co. of Cleveland, Ohio. Unit contains 


187 self cleaning contacts—each rated 10 amp with 0.0005 ohms 


nominal contact-pin-contact resistance—and has 12.6 x 105° pos- 


sible switching combinations. Mounting hole centers are 6 x 


in., depth 45) in., weight 5 Ib 


=x malts roan 


> AW 


' 
eR SSeeBee ee ee 
~ Seep 


= 


Geeeeceee 


Fig. 3—Spring-loaded cam is “cocked” by depressing a top 
lever cam that simultaneously opens all contacts and releases 
the code card used for the previous switching function. Acci- 
dental actuation of mechanism will not close contacts if card is 
not in place. Design permits wiring to all 187 bottom switch 
plate contacts and up to 60 top plate contacts. (Note photo 


shows second switch from right closed.) 
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vinyl material chosen for wear resistance. 


Switch is actuated by a 3 x 5 in. code card of a rigid 


Insulation properties 


are not required.) Card is coded for contact operation when a 


hole is absent; card shown actuates 22 contacts. Card function 
is to actuate a miniature momentary solenoid trip device to 
rele i-e a =pring-loaded cam when card Is properly positioned 


Absent holes restrain switeh pins. 





Fig. 4 


inserting a code card with all holes punched and then insert- 


Switch can be manually programmed as well by first 


ing plastics puncher to manually close all desired contacts. Ad- 

ditional contacts can be closed in a coded program by the same 

method. Developed originally for Hickok automatic test equip- 
se 


ment, the Cardomatic has been designed to sell for $125 as a 


built-in component for programmed equipment. 


ELE¢ CA TAD FAC RING 
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The BODINE line — 
a complete line of fractional hp motors 


Over 3500 standard motors—built to order—only 12- to 16-week delivery 


... for blowers, pumps, coin-handling BODINE SPEED REDUCER 
units, communication equipment, MOTORS 

therapeutic devices, sound-recording 
and reproducing equipment, machine 
tools, and similar applications 


BODINE TYPE N MOTORS 


...combines motor and speed reducer in one 
unit, eliminating all cumbersome and 
complicated speed reducer transmissions such as 
belts, gears, and chains 


available in three basic 


reduc peed reduce 
for transmitting low 
torques over a wide range 
of speeds. Height, 35/g 
. . ° aqcoubpie wo'm-cqeor 
for instruments, timing devices, 
reducer to de 
control apparatus, and related icaiata . 
‘ : moderate torau } 
equipment i a 
aceite sb kamta Ae 
BODINE TYPE K-2 MOTORS : 
vailable with and without eed 1 
caraiiivial 
on m ae 
deliver mod 
all 47 
dpuk See 
educer fo nsm 
n n O Ww 
eedq 


..for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment 
and similar applications 


BODINE TYPE U MOTORS 


ype motors re ovoiiabdie 


Write for bulletin 1 
265 different stock types and sizes ready for fast shipment! 
BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 
same? & Ej ea oa eS 
rete edie re 


MOTORS Seis alin 


---the power behind the leading products ae Circle 155 on page 











| FOR FURTHER INFORMATION on any of the | 


items on this and following pages, CIRCLE num- | 
bers listed at the end of items on the Reader | 
Inquiry Service postcards, pages 17 and 19. 


Nev 
Components 


and Materiais 


A staff compilation of the latest developments . . . screened for 
design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 





500 CYCLE, 10 G VIBRATION SILICON RESISTOR 
SEALED RELAY oe Siciemeagues 


has 0.7 per cent 


Type BHSM-HT hermetically-sealed per deg C positive temperature co- 
relay includes palladium contacts, sili- efficient of resistance, responds to in- 
cone-glass insulators. welded bracket crease in temperature with an increase 
assembly and frame, Teflon magnet in resistance that rises rapidly along a 
wire-wound coil and Kel-F-coil bobbin. stable, retraceable characteristic curve. 
Operates at 65 to +125 C. will with- 

stand 30 g operating shock: 70 g non- x 
destructive. 5 ‘a 


Available in contact form up to 
41PDT rated 3 amp at 32 volts d-c or 
115 volts a-c non-inductive. (Special 
contacts for low level or dry circuit 
application.) Coils up to 130 volts d- 
with min sensitivity of 0.2 per pole 
and max coil dissipation of 3.75 w. 
Approx. weight 3.25 oz: Approx. di- 
mensions 1.332 x 0.960 x 1.643 in. 


R-B-M, Div. of Essex Wire Corp., 
Logansport, Ind. >501 





Application: as temperature com- 
pensating device in miniaturized ampli- 
fiers. servos, computer switching cir- 
cuits. magnetic amplifiers and power 
supplies. 

Two configurations available: the 
TM 14. an axial-lead molded device 
linearily derated at full load from 100 
to 150 C: the TC 1,. encased in TO- 
5 round-welded package and derated 
linearily at full load from 125 to 200 
C. Both in standard resistance ratings 
from 100 to 1000 ohms at 25 C. Texas 
Instruments, Inc., P. O. Box 312, Dal- 
las, Tex. >502 
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ELECTRO-HYDRAULIC 
SERVO VALVE 


Servo valve for industrial and ground 
ordnance applications fills gap between 
hydraulic power and electronic pro- 
gramming of control functions. Provides 
accurate flow modulation required for 
closed loop, program-controlled com- 





Dinations Of position, velocity 
celeration 

Has only 4 moving parts: main 5] 
control spool, sleeve ind = feedback 
linkage Mechanical feedback linkage 
with variable fulcrum makes it highly 
flexible and compatible with various 
conditions of flow, response and pres 
sure. Only a small signal, in milliamp 
range. is required for control 

Rated at 10 gpm max flow at 1000 
psi (assuming *3 pressure droy 
valve): operates on supply pressure 


to 3000 psi. Can be trimmed by 

chanical feedback linkage to handle 10 
gpm with as little as 300 psi pressure. 
Vickers Inc., 115 Oakman Blvd., Detroit 
32. Mich. >503 


POWER TRANSISTORS FOR 
CONVERTER AND 
SWITCHING CIRCUITS 


Series of 9 power transistors designed 
for use in power switching and power 
control circuits have 5 amp max cur- 
rent rating. can switch power up to S50 
w. Provided in 3 current gain ranges 
for optimum matching in most applica 
tions: 15-30. 20-40 and 30-60 at a col 
lector current of 3 amp d-c. Have col- 
lector-to-emitter breakdown voltage rat- 
ings of 40 70 and 80 volts to « liminate 
burnout in high voltage applications. 
Additional ipplic itions as relay re- 
placements and drivers for relays, mag- 
neti clutches, solenoids and other 


loads requiring high current. Semi 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION 


AT HOTTEST SPOT 





SPACE FACTOR IN PERCENT (BASIS—SQUARE LAY) 


\ 


SPRAGUE offers you a choice of 
high-temperature magnet wires: 

TETROC is recommended for continuous 
operation at hottest spot temperatures up to 
200°C (392°F) and up to 250°C (482°F) 
for short periods of time. Tetroc, a teflon-in- 
sulated wire is available in both single and 
heavy coatings. 

CEROC is recommended for continuous 
operation at hottest spot temperatures up to 
250°C (482°F) and up to 300°C (572°F) 
for short periods of time. Ceroc wire insula- 


} 
fruly 


ELECTRIC COMPANY 





JUNE 1958 








307 MARSHALL ST. 


TEMPERATURES UP TO 200 C 





FOR CONTINUOUS OPERATION 


AT HOTTEST SPOT 


50 ¢ 
TEMPERATURES UPTO 42 v 





SPACE FACTOR IN PERCENT (BASIS—SQUARE LAY) 


i27hieReceer- 


AWG WIRE SITE 
COMPARATIVE SPACE FACTOR OF MAGNET WIRES 


tion consists of a ceramic base with either 
single or heavy Tefion overlays—combining 


the best properties of both materials. 

a Both La and es 7 
agnet Wires provide ex- 

tremely high space factors. * a ae 

CEROC COPPER MAGNET WIRES 

FOR COMPLETE DATA Fasaee 

WRITE FOR ENGINEERING 

BULLETIN 405 (TETROC . 


WIRES) 400A (CEROC 
WIRES). 


; ooo 





NORTH ADAMS, MASS. 
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conductor Products. Bendix Aviation 


Corp.. Red Bank Div.. | ong Bran h. 
PB: >504 
DIFFUSED SILICON 
RECTIFIER STACKS 
Line of diffused silicon rectifier stacks 


is designed for ambient 
150 C without derating 


and with normal convection cooling. 


operation at 
temperature of 


Pictured is a single-phase bridge as 





presents a 


comprehensive line of 


threaded 
ferrite slugs 


for 
permeability tuning 


Ferrites are the finest material for tuning slugs 
wherever a high-Q, high-permeability core is 
These 
Ferroxcube tuning slugs have been specifically 


required and space is at a premium 


developed for the permeability tuning of in- 
ductors, filters and transformers in the 1 kc to 
4 Mc frequency range. They come in a large 
variety of sizes and threads, and have been 
found particularly useful for final inductance 
adjustments on filters with ferrite pot cores 
The screwdriver slot in the slugs runs all the 
way through the core for simpler coil assem- 
bly and easy adjustability at either end. All 
Ferroxcube threaded slugs are furnished 
complete with self-threading coil forms of 
phenolic-impregnated tubing 


For complete data, as well as information on the 


availability of specific types and sizes, write to 


FERROXCUBE CORP OF AMERICA 


56B East Bridge Street, Saugerties, New York 
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sembly rated to deliver 10 amp with 
rms input of 420 volts. with nvectiol 
cooling in ambient of 150 C. Overall 


dimensions of stack are 
constructed to withstand severe environ 


mental conditions 


Available in circult conhgurations 
to deliver up to 75 amp. Volu 
20 kw stack operating at 150 C less 
than 150 cu. Prans-Sil Corp 95 
Honeck St... Englewood. N. J >505 


1000 DEG INSULATED WIRE 


Ceramicite is a cerami wire 


vated 
rated for operation to 
F (500 ¢ 

1700 F. 


continuous 1000 


and limited 


Features 


exposure to 
flexibility: 
repeatedly around 


unusual 
an be wrapped 


mandrel 3 times its own diameter with 


out damage 
Has 


ind abrasion 


electrical 


cood characteristics 


resistance and is highly 
both 


vibration 


resistant to thermal shock and 


mechanical 


stress 

Presently applied to solid conductors 
only, conductors being nickel-clad cop- 
solid nickel. For hook-up wire 
must be 


per or 


which flexible 


individually in- 
br iid can he 


made with 
stranding. 
sulated 


to give 


strands are 


Glass provided 


overall mechanical tion 
Wire and Cable Co., 2201 Bay 
Rd.. Redwood City. Calif >506 


prote 


Sequoia 


SINGLE-CRYSTAL SAPPHIRE 


Synthetic sapphire is transparent, has 
sood dielectris high 


' 
ited tem 


characteristics, 


melting point. strength at eles 


peratures, extreme hardness and good 
ultraviolet 


characteristics. In 


infrared and 


transmission 
addition, synthetic 
sapphire is a 


tal of 


non porous, single crys- 


pure aluminum oxide—not a 
sintered product. Consequently, syn- 
thetic sapphire does not give rise to 


outgassing problems. Can be cut, pol- 
ished, shaped and sealed to most metals, 
glasses and ceramics. 

Sapphire used as output windows 
klystrons, magnetrons, 
traveling wave and TR tubes. In appli- 


ations 


for high-power 


as tube element 
ind tuning slugs, 


such supports 
synthetic 


particularly valuable 


sapphire is 
Also employed in 
Linde 
Corp.., 30 


»507 


infrared and 
Co.. Div. of Union-Carbide 
E. 42 St.. New York 17, N. Y 


iltrav iolet devices, 


SIZE 18 SERVO MOTOR 
DEVELOPS 5 OZ-IN. STALL 
TORQUE 


Compact servo motor develops almost 


uuble the stall torque of indard 
BuOrd Size li it is less tl iT 

ger and only 7 oz heavier. Type If 
201-21 develops oz-in. stall torque 
et neasures onl 2 14 I £ ! 
eighs on 2] 7 pared witt Dt 
7-1 stall t e, 2.032 leng ind 
14 oz eigt I . dard Size ‘ 
S Ww 





Excitation voltage is 115-115/57.5 
volts 400 evcle. no-l {1 speed 10,000 
rpm. power input at no load 3.5 per 
phase and 27.0 w per phase t stall 

\ ent of inert 6 gmcm-, op 
erating temperatur range 55 to 


BD 


5 
Has dual shafts with a 96-pitch 15- 


tooth pinion and 0.120 in. diam rear 
shaft extension 2.693 in. 0.020 in 
from front face. John Oster Manufac- 
turing Co Avionic Div.. 1 Main St.. 


Wise 


Racine 


>508 


STEPPING RELAY FEATURES 
PRINTED CIRCUIT 
SWITCHING BOARD 


Stepping relay Type SA uses a printed 
circuit board for switching currents up 
to 250 ma furnished for 
operation. Operates on 3w 
d-c or 20 va a- 


and can be 
a-c or d-« 
It is normally a pulse- 


operated relay, but d- coll will with- 






















How BUSS Heat-Limiter operates: 
A BUSS Heat - Limiter has a thermal 
cut-out that opens the circuit if any- 
thing causes the temperature to rise 
above its opening point. 


PY 
a 
" 


=> . 


TYPICAL APPLICATIONS 
FOR BUSS HEAT-LIMITERS 
ARE: 





AIR CONDITIONERS 


If overheating 


can cause trouble — 


BUSS HEAT-LIMITERS may 


be your answer! wor tacquen —-“*EFRIOERATOR 





DEFROSTERS 
SPRAYS 
BUSS Heat-Limiters are being used BUSS Heat-Limiters are available Z 
to protect many types of electrical in many types and in many styles of : | , 
devices or apparatus against excessive terminals to suit requirements. ee 
COOKERS 
heating creating a hazard or resulting OVENS 
in loss of material. Tell us your problem and let BUSS 
engineers work with you to help solve it. and other devices or apparatus where 
Where thermostats are used, BUSS excessive heating or failure of tem- 
Heat-Limiters provide ideal back-up For more information use coupon or 


perature control might cause trouble 


protection should the thermostat fail write...Bussmann Mfg. Division 
or a hazard. 


for any reason. McGraw- Edison Co., St. Louis 7, Mo. 


Bussmann Mfg. Division (” w-f 


ANOTHER | ; ‘ ‘6 
OUTSTANDING 
DEVELOPMENT 


suss ruses «=~ BUSS Safety Valve HEAT-LIMITERS 
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DORMEYER 


SOLENOIDS 


eh 
a) a 


MILLIONS OF CYCLES constitute 
standard DORMEYER dependa- 
bility. DORMEYER solenoids 
serving this long and longer con- 
tinue in smooth operation in count- 
less products today. 


All types and sizes available to 
meet your needs. DORMEYER 
quality means dependable, long- 
lasting, trouble-free circuit opera- 
tion...and DORMEYER produc- 
tion facilities mean low unit cost, 
on-time delivery. 


DORMEYER electro-mechanical 
controls can be custom-engineered 
to your requirements...depend on 
our 30 years of specialized experi- 
ence to solve your problems. 


DORMEYER also makes a com- 
plete line of coils and transformers 


— 


Send b/p ond specs for 
recommendations. Request 

free 20-page dato- A 
pocked catalog. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3424 Milwaukee Ave., Chicago 41, Ill. 
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stand 3 w continuously. A-C relay must 
be pulse-operated. 

(Armature-driven pawl operates rat- 
chet to drive a movable arm in steps 
of 30 deg over 12 non-shorting printed 
circuit strips. Potter & Brumfield, Inc.. 


Princeton, Ind. >509 


EPOXY GLASS BASE 
LAMINATE HAS HIGH 
STRENGTH RETENTION 


Epoxy bonded fiber glass laminate has 
improved flexural strength retention at 
elevated temperatures. Phenolite Grade 
G-11-861 retains 70 to 80 per cent of 
its original flexural strength 
tested at 150 C after conditioning for 


when 


one hour at that temperature. 

G-11 material overcomes limitation 
of G-10 epoxies in applications requir- 
ing mechanical strength at elevated 
temperatures. Also made as Copper 
Clad Phenolite Grade G-11-861-1 for 
printed circuit applications, particu- 
larly for military electronic circuits in 
rockets, missiles and computers. 

Bond strength, 10-15 lb; dip-solder 
resistance greater than 30 sec at 500 F; 
resistance 
good. National Vulcanized Fibre Co., 


Box 311, Wilmington, Del >510 


surface resistivity and ar 


TRANSISTOR INVERTER 


Model 4303 60 va, 115 volts a-c tran- 
sistor inverter is designed for airborne 
precision 400 
cps frequency. Use of tuning fork ref- 


applications requiring 
erence obtains 0.01 per cent accuracy 
in single-phase output from 28 volt d- 
> per cent input. 
Packaged in 6 x 9 in. base plate with 








all sizes of servo components accom. time and date to nearest minute each 


height of 2.4 in., weighs only 2.5 lb 
and operates through a temperature 
range of 50 C to +71 C. 

Designed to MIL-E-5400, will with- 
stand 5 g's at 70-1000 cps or 10 g con- 
stant acceleration. Varo Mfg. Co., Inc., 


2201 Walnut St.. Garland, Tex. 511 


PAPER-BASE PHENOLIC 
LAMINATE 


Grade 20 possesses good electri al 
characteristics for use in critical ele 
trical and electronic circuits, Qualifies 


for use under MIL-P-3115, Type PBE 


P specification. 


Characteristics low dielectric loss: 
high dimensional stability: high insu- 
lation resistance; high surface rests- 
tivity. 

For use in television tuners and 


carbon-coated — resistors is resisto! 


cards and for terminal and connector 
strips. Available in sheets approx. 49 x 
19 in. and thicknesses from 0.020 in 
through | in. Light in color, has a 
semi-gloss surface finish and medium 
translucency. Taylor Fibre Co., Norris- 


town, Pa. >512 


PREDESIGNED MECHANISMS 
AND COMPONENTS 


Line of miniature predesigned mechan- 
isms and mechanical components for 


servo and instrument industries elim- 


inates need to design, detail, and 


fabricate mechanisms for many appli- 


cations. Typical unit, which may be 





stocked 


parts, consists of 6 rotating shaft com- 


minutes from 


assembled in 
ponents, is 27, in. in diam, and is 
available in an almost unlimited choice 


of gearing and component configura- 


tion. 
Standard stocked components — in- 
clude clamp-on gears, anti-backlash 


gears, pin couplings and slip clutches. 
These, in conjunction with a_prede- 
signed ball bearing gear plate assembly 
and 0.125 in. diam shafts of various 
standard lengths, provide a_ versatile 
precision gear box with as many as 6 
shaft extensions on either side. 
Complete mechanism formed by as- 
standard 


sembling pre-bored com- 


ponent mounting plates to gear box; 


ELECTRICAL MANUFACTURING 





mentee ners. J B ett Cr M et n 0 Us 
with ROLLPIN 


laminations in place and did two things a 
rivet couldn't do—aligned the laminations 
and compensated for minor hole variations 






TO REPLACE A STOP PIN TO REPLACE A SET SCREW on 


Rolipin’s self-locking action elimi automobile brake handle, Rollpin 
nated staking or peening opera is self-retained in the hand grip 
tions required to retain a straight but can easily be driven into over- 


solid pin drilled hole in shaft to free han- 


Where Can you use this | die; tose removed and used 
simple fastener? 


If you use locating dowels, hinge pins, rivets, set screws 
-or straight, knurled, tapered or cotter type pins, Rollpin 
offers the opportunity of a better method that can cut 
assembly and maintenance costs. This slotted tubular steel 
pin with chamfered ends eliminates special machining, 


tapping, and the need for precision tolerances. Driven into 





a hole drilled to normal production standards, it locks i 


securely in place, vet can TO REPLACE A DRIVING PIN for a flexible drive shaft on a washing 
: % machine, Rollpin cut assembly costs by eliminating precision drilling 
and reaming 


reused whenever necessary. MAIL COUPON FOR DESIGN INFORMATION~ —- 


readily be drifted out and 


Elastic Stop Nut Corporation of America 
Dept. R37-622 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastener information: 
[] Rollpin samples Here is a drawing of our product. 
ELASTIC STOP NUT CORPORATION (} Rollpin bulletin What self-locking fastener would 
you suggest? 
OF AMERICA — 








a Title 
Lo» oe 
aa 1") Street a 
TRADEMARK City _ ___Zone___ State _—, 
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EIGO 


STRAIN RELIEF 
BUSHINGS 


insulate & Anchor 
power supply cords 


ae 







, standard 
& special 
wires & 
cables— 














fea iF 
¥ 


it 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples 





HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 
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all sizes of 


servo components accom- 
modated by means of pilot adapter 
rings. Precision Mechanisms Corp., 577 
Newbridge Avenue. East Meadow, 
Ae aS >513 


HYDROFORMED MAGNETIC 
SHIELDS 


Smaller space hydroformed 
Netic Co-Netic shield is de- 
signed for guidance control and other 
complex 


factor 
magnetic 
configuration applications. 
Each shield has 3 laminae consisting of 





2a ee x * os 
A ES. 


2 Co-Netic 


mum 


and 1 Neti 


isolation 


to assure maxi- 
fields. 
For shielding problems of greater mag- 


from interfering 


nitude, additional laminae may be used. 


Smaller space tactor achieved by 
forming shield to outline of enclosed 
component. This is made possible by 


alloys, 


draw shield- 


increased malleabilitv of the 


and use of hydroforming to 


ing material into practically any shape 
desired. Magnetic Shield Div.. Perfec- 
tion Mica Co.. 1322 No. Elston Ave.. 
Chicago 22. Ill. >514 


TAPE PRINTER PRINTS UP 
TO 500 COUNTS PER 
MINUTE 


Compact, 5-digit printing counter makes 


up to 500 counts per min. prints total 


instantly and automatically. Printing 


action, initiated by push-button on unit 


itself or by remote contact automatic 


ally reset to zero after each imy{ 


TESSIOI 


gives cumulative totals 
Other features can be added: addi- 
tional counters for simultaneous print- 


Ing on tape; 


equipment tor 


printing 





time and date to nearest minute each 
time count is printed; printing of code 
selected. 
cycle d- 


provided by self-contained power sup- 


letters and numbers remotely 
Operates on 110 volt, 60 
ply. Can be wired so that printing ac- 
tion is merely opening and closing of 
and if 
will change it to d-« 
Engineering. Hatboro, Pa 


contact action is an a-c pulse, 


Rov son 


»515 


rectiher 


INSULATOR PLASTIC 
WITHSTANDS HIGH 
TEMPERATURE 


Two 


new materials withstand continu 
ous exposure up to 500 F: DIALL Fs-4 
is a long fiber, glass-filled molding 
compound which at 500 F shows flex- 


ural strength of 6700 psi, compressive 


strength of 6500 psi, and_ tensile 
strength of 4270 psi; DIALL FS-5 is a 


short fiber glass-filled compound which 
at 500 F has flexural strength of 2000 
strength of 
1500 psi. Both 
100 F. d 


to 5 times stronger at 80 F. 


psi. compressive H000 ps 


and tensile strength of 
considerably stro. ser at 


i 





and 


Electrical 


chemical properties 
ire: high insulation resistance ar 


electric strength. high ar 


low dissipation tactor. low water 


sorption, immunity to Ttungus, and 


sistance ind alkalis 


ae ids 
Applications include 


to solvents. 
potentiometers 
switches, connectors, and other ele 

trical components. Mesa Plastics Co 
11751 Mississippi Ave.. Los Angeles 


25, Calif >516 


PLASTIC-METAL DRY 
BEARINGS 


Dry bearing material DI 


of steel backing on which is sintered a 


is ¢ ompose a 


thin lining of sperical bronze, impre 


preg- 
nated with mixture of Teflon and 20 
per cent lead, a thin layer of whic} 
also covers bearing surface. Bronze 


structure comprises 2 completely inte: 
locked sponge-like networks 
Result is 


material of very low fri 


tion with no slip stick characteristi 


and with wear resistance up to 100 
times greater than that of other type 
of dry bearings: high thermal conduc 


tivity and low thermal expansion: hig 








Service records prove 
good die life with 


(iss) Electrical Steels 


at The Motor Division 


of Fasco Industries. Inc. 


United States Steel Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & Iron — Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 





Mr. W. F. Purves examines a typical motor stator made from 
USS Electrical Steel. 





“Good quality in a motor begins with the basic raw 
materials,” says Mr. W. F. Purves of Fasco Industrie 


“That's why we use USS Electrical Steel Sheets for our 
motor laminations. We maintain careful records and we 
know that USS Electrical Steels assure us of good die life 
as well as uniform electrical and mechanical properties.”’ 

Fasco started to make small electrical fans in 1932 
The motors were of such high quality that other manu- 
facturers of motor-driven equipment scon asked Fasco 
to supply motors for them. Now, Fasco is one of the 


leading suppliers of fractional horsepower motors. 
Do you make a careful selection of your electrical 
sheets? We'll be glad to help you. Send the coupon for 
r 


a complete reference encyclopedia of electrical sheets. 


United States Steel 
Room 5529, 525 William Penn Place 
Pittsburgh 30, Pa. 


Name 


Address 





City 
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| 
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WBD Precision 

Alloys are Meeting 

the Challenge of 
Industry's Most Unusual 
Applications 


$ 


In addition to the complete line of precision resistance, chemical and 
mechanical alloys, Wilbur B. Driver produces alloys for special pur- 
poses. These custom alloys, vacuum melted and processed into wire 
or strip, solve critical production problems. This new service provides 
industry with complete engineering and production facilities and fea- 
tures one of the nation's largest vacuum-melting installations. Ask our 


Sales Engineering Department 
for complete information. f : 
e @ 
© . 
A) ay 


» Ny) 








Precision alloys for all 
applications including — 





Nickel Chrome Filament and Grid 
Heat Resisting Beryllium Copper 
Low Temperature Coefficient Stainless Steel 
High Temperature Coefficient Pure Nickel 

Glass Sealing Monel- 


*T.M. international 
Nickel Co. 


— available in wire, rod, ribbon and strip 


— with insulations of enamel, Formvar, liquid Nylon, 
cotton, silk, Nylon and fibre glass 


WILBUR B. DRIVER CO. 


Main Office: NEWARK, N. J. + Tel. HUmboldt 2-5550 





Mfg. Plants: 1875 McCARTER HWY., NEWARK 4, N. J. » 2734 INDUSTRIAL WAY, SANTA MARIA, CAL. 


In Canada: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET EAST, TORONTO 1, CANADA 


174 Circle 163 on page 17 


compressive strength: and operating 
temperature range from 328 F to 
+536 F. 

Available in strip form in range of 


thicknesses 
be wrapped. 


which bushings 


thrust 


from can 


washers cut, 01 
hemispherical bearings pressed. U. S 
Gasket Co., Div. of Garlock Packing 
Co., 602 No. 10th Camden 1, 


D8. >517 


Street, 


DIGITAL READ WRITE 
AMPLIFIERS 


All-transistor read/ write implifier 


with complete set ot 
digital 


provide designer 


building blocks for magnetic 





Voltage 


either 


tape applications. 
patible 


levels com- 
with transistor or 
vacuum-tube systems of logic. 


Write amplifier logical 


uses com- 
binations of 2 input voltages to pre 
vide both return-to-zero (RZ) and non 
return-to-zero (NRZ) modes of re 
cording. Pulse response at 2 inputs 


matched to assure uniform reproduc- 
tion, regardless of tape saturation, di- 
rection or mode of recording. 

Basic read circuit is linear amplifier 
with approximately 
2500. Liberal feedback used to preserve 


pulse 


voltage gain of 


waveform and frequency pass 


band carefully shaped to provide maxi- 


mum noise rejection. Decisional Con 
trol Associates, Inc... ]4141) Stratton 
Way. Santa Ana. Calif >518 


NON-DESTRUCTIVE 
COMPARATOR FOR METALS 


Comparator tests ferrous and non-fet 
rous metals for composition, heat treat- 
ment, hardness, case depth. plating 
thickness and other properties. Bas 


will 
indicate changes in chemical and phys- 


ically an impedance comparator, 
ical properties of a metal as these are 
correlated with electrical and magnetic 
properties. 

Small duplicate parts usually tested 
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! 

| 

| SANGAMO 

| TYPE 71 

| 

| 
kesniaienieaie 


OIL 
FILLES 









for blocking and by-pass service 
energy storage—power supply filters 
and many similar applications 


These hermetically sealed, compact units are 
designed for high voltage commercial electronic 
applications, 

High volume resistivity, low power factor, and 
high dielectric strength are assured by impreg- 
nation with Sangamo Diaclor, a specially com- 
pounded chlorinated dielectric that is non- 
inflammable and non-explosive. Type 71 
capacitors can be operated at temperatures up 
to 85°C with proper voltage de-rating. 


WAIrATUS DDAMce CAC 
WEATHERS}! ROOFED who 


Tin-plated steel case is metalized with pure 
aluminum and finished with two coats of baked 
vinyl resin base paint. Rust and corrosion won't 
attack this case even if the finish is scratched 
through to the steel. 

Type 71 High Voltage Capacitors are available 
in standard case sizes in ratings up to 25,000 
WVDC. 


 SANGAMO § Electric Company 


SPRINGFIELD, ILLINOTS 


SCs8-2 ee 
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NUTS 
BOLTS 
SCREWS 
WASHERS 


Easy on the eye 














=) eh >) 


ROUND HEAD STEEL : 

EAM A, BS attractive 
package 
facilitates 


both stocking 
and handling. 


YORK 
FOR IMMEDIATE DELIVERY 


PHONE WoO 6.0600 
WIRE NEWARK 365 @ WRITE 


Write for 9 ——~ OF NEW 


NeW (Silas 


= 58H CATALOG 





ATLAS SCREW & SPECIALTY CO. 


450 BROOME STREET - NEW YORK 13, N.Y. 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 





“, 
Sc Wee eaUTNNL ReCLS eT mETEE WR 98 





Oot magazine Keep the insert spread 
out as vou page through the issue. (¢ ircle the 
items Vou want as you go along. Try it! You’] 
find it a real time-save1 iso Can serve 

hand | irk 








by insertion in test coil. Test head, 
placed against metal being measured, 
is used on surfaces of large equipment, 
or parts too big to be inserted in test 
coil. 

Can be used for applications not 
usually associated with metals com- 
parison, such as sorting of over- and 
under-sintered alloys, magnetic inclu 
sions in non-magnetic materials, hard 
spots, case differences and testing of 
heat-treated welds of stainless steel for 
Sunshine 
Scientific Instrument, 1810 Grant Ave.. 
Philadelphia 15, Pa >519 


changes in microstructure 


PRECISION WIRE-WOUND 
RESISTORS 


In wide variety of types and sizes from 
10 k ohms to 20 megohms, resistors 
can be supplied to tolerances as close 
as 0.01 per cent. Sets of values 
ratios can be matched to within 0.001 
per cent. 


Standard temperature coe theient 


ppm per deg C as result of 
tion in an alkyd resin whose coefficient 


ene apsul i 


of linear thermal expansion exactly 


matches that of the resistance wire 


Special temperature coefficients can be 
provides i tron lOO to 1500 pp 
per deg ies 


Available with axial or radial lead 
solder lugs, or 


prongs. Lug ty 


special printed circuit 
pes feature metal tube 
through center to absorb mounting 
torque. Multiple pi reversed winding 
issures minimum inductance. Ultronix, 
Inc.. 116 South Bayshore Blvd., San 


Mateo. Calif >520 


SLIDING WAVEGUIDE 
TERMINATION 


Series of sliding waveguide termina- 
tions with frequency 
5.95 kme to 26.5—40 kmc has a maxi 
mum vswr of 1.01. Types 1114, 1115, 
1116, 1121, 1129, 1131, 1132, 1132FL, 
1133 and 1133FL consist of tapered 


ranges from 2.6 


waveguide section in which is mounted 
a sliding low-reflection load attached 


LECTRICAL MANUFACTURING 








Compliments 


of a friend... 


send for it! 


This illustrated book covers every type of 
“em” Roebling Magnet Wire—how it’s made, tested, 
packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu- 
facturing picture! 
Your free copy is waiting for you. Just write—today— 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey. 


) 
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Electrical Wire Division 
John A. Roebling’s Sons Corp. 
Trenton 2, New Jersey 


Please send my free copy of Roebling’s new 
Magnet Wire Fact Book. 


Nome 


Compeony 





Ee 
City 
State 


ROEBLING 4 


Branch Offices in Principal Cities @ 


Subsidiary of The Colorado Fuel and iron Corporation 
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New G-E NE-51H glow lamp 


. ~ ~*~ ° 7 
gives 20 times more light 


... without changing bulb size or shape! 


Do your customers complain that indicator lamps seem to 
fade out when general lighting goes on? Here's a tiny but 
powerful glow lamp that’s built to make indicators more 
readable—even in today’s better lighted plants and homes. 

The new G-E NE-51H gives 20 times more light than 
the familiar NE-51 when operated with the recommended 
resistors. It has the same bayonet base, same rugged con- 


} 


struction that stands up under shock and vibration—and 





it uses approximately 4 of a watt! Rated at more than 


5,000 hours, it’s ideal for machine tools, electrical controls 


pli- 


§S Of oTmher af | 
cations where a Drighter indicator 1s called for. There are 


considerable advantages in size and space over larger 


] 


and household apf liances—plus hundre 


lamps of equal brightness—and they fit standard holders 
—AC only 

If you'd like more information on this versatile new G-E 
Glow Lam} , and how it can solve your indicator problems, 
write: General Electric Co., Miniature Lamp Dept. 
EM-58, Nela Park, Cleveland 12, Ohio 


Progress /s Our Most /mportant Product 


GENERAL @@) ELECTRIC 


© coxms 





to a plunger. Plunger is moved in and 
out of waveguide section by means of 
knob at end of guide. Load position 
variable through at least 14 wave- 
length at lowest waveguide frequency. 

This variable adjustment allows 
phase reversal of residual reflection, so 
that reflection can be separated from 
other small reflections in system. Lock- 


ing screw allows load to be fixed in an 





desired position. 

In tvpes 1114, 1115. 1116, 1121 and 
1129, load consists of Synthane strip, 
while types 1131, 1132, 1132FL, 1133 
and 1133FL use metallic film evapo- 
rated onto Fiberglas base. Polytechnic 
Research and Development Co., In 
202 Tillary St., Bklyn. 1, N.¥ 521 


MICRO-MINIATURE RELAY 


Husky Stvle 6 relay of crystal can type 
is available in variety of terminations 
and styles. Offers capacity and reli 
ability of much larger relay in en- 
closure weighing only 0.5 oz. 

missiles, 


Designed tor computers, 


control systems and other critical ap- 





plications where capacity, weight, size 
and reliability are factors. For con- 
tinuous use in ambients of 65 to 
125 C with a minimum life expectancy 
of 100.000 operations. Style 6 meets 


MIL-R-25018 
All popular mount- 


applic able portions ot 
and MIL-R-5757C. 
ings are available, including plug-in. 
solder and printed circuit terminals. 
Price Electric Corporation, Frederick, 
Md. >522 


FOUR-WAY SOLENOID 
VALVES 


Four-way  solenoid- actuated valves 
make it possible to supply full line 
pressures to ¢ vlinders from remote posi- 
tion by use of solenoid action. Availa- 
ble in single or double solenoids and 
with or without sub-base. 


Designed for easy actuation, valves 


ELECTRICAL MANUFACTURING 











SPUR GEAR,CLAMP-TYPE HUB 


STANDARD SPUR GEAR CLUSTER 





SEND FOR GSS. technical data, free! 
See where and how we mass- 
manufacture Small Ge aring to unti- 
formly fine tolerances. Folder con- 
tains 23 pictures of Small Gear 

plant view, as well as Diametral 
and Circular Pitch Tables. Ask for 
your copy on company stationery 


ple ase! 


FRACTIONAL Wo, 
> S, 






SL 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





BEVELS * INTERNALS 
THREAD GRINDING 


SPURS © SPIRALS © 
WORM GEARING «+ 


HELICALS © 
RACKS * 











Gf? Yea i of Ljucializing in Juul Gea ung. / 






INVOLUTE SERRATION 


HELICAL & SPUR 
DRIVE SHAFT 


TANGENTIALLY CUT WORM GEAR 


an important G.S. specialty: 
CUSTOM HOBBING! 


You g 
( S 9g 
1 9 K Wt ner S 
X i G5 wh 
Ss L But v 
highl g GS 
I u £ 2 ) I r i 
2 tor ¢g r S lG.S 
ly All it Sm I ( i g I 
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DO YOU REQUIRE 


Precision High Production 


LAMINATION DIES? 


CLEVELAND TOOL and DIE COMPANY SOLVES 
YOUR PROBLEMS and meets your most exacting tool 
and die requirements. Cleveland Tool and Die Company 
has built individual dies which have produced millions of 
precision tolerance pieces without retooling. SEND FOR 
THIS FREE BROCHURE DESCRIBING OUR FACILITIES. 


FREE Brochure 


Describes facilities avail- 
able. Send for your free 
copy today. No obligation, 
of course. 


Typical lamination die custom made 
at Cleveland Tool and Die Company. 
Dies like this, dies for powder metal- 
lurgy and other special purpose dies 
are made by skilled craftsmen using 
the most modern techniques and 
facilities. 


Here are just a few of the parts motor and 
appliance manufacturers from all over the 
country have made on lamination dies 
produced by Cleveland Tool and Die Co. 


CLIP and MAIL THIS COUPON TODAY 


CLEVELAND TOOL and DIE Co. 


1620 EDDY ROAD «¢ CLEVELAND 12, OHIO 


Please send me the free brochure describing the facilities of 
CLEVELAND TOOL & DIE COMPANY. 


Name 
Company 


Address 
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are suited for operating double acting 
cylinders They keep one side of cylin- 
der under air pressure until actuation 
exhausts air pressure from original side 
and apply it to other side, thereby re- 
versing cylinder piston action. 
Available for 110, 220 or 440 volts 
a-c In 14, %8, 4 and “4 NPT; suitable 
for continuous or intermittent duty. 
A. Schrader’s Son, Div. of Scovill Man- 
ufacturing. Inec.. Bklyn. N.Y > 523 


400-WATT POWER PENTODE 


The PL-175 power pentode provides 
25 to 30 per cent more output as a low 


voltage Class AB, linear amy 


lif 
screen grid tubes of similar 
Suppressor grid terminates; 


base shell. which mav b 


most applic ations 
tions arranged to allow 
tution In equipment designed 
type screen grid tubes 
Heat-radiating fins on plate 
aligned with electron beams to pi 
vide maximum cooling at points of 
highest heat intensity. Tube features 
rugged one-piece copper plate seal and 
cap for maximum resistance to plate 
seal breakage. Penta Laboratories, In 


Santa Barbara, Calif >524 


INCREMENTAL CHECKING 
CONTROL 


Model SCI 600 will detect very minute 
changes in distance between an object 
and sensing element without contact- 
ing the object being sensed. The con- 
trol signals whether change sensed is 
of a plus or minus nature, actuating 
either plus or minus relay. 

To achieve accuracies of 0.0001. 
sensing element must be within “42 in. 


of object sensed. Sensing element itself 


ELECTRICAL MANUFACTI 





A really NEW drawing material... 


Ozalid DURATRACE 


superior to cloth for pencil, other drafting 
—at far less cost 


+ 


u 


ne. Dis- 


Stands up to roughest usage—indefinitely 
Eas) to handle and file, Duratrace ‘ nd 


resists weal and 


HERE ARE A FEW OF ITS OUTSTANDING ADVANTAGE 


e Makes drafting easier, improves accuracy 
Duratrace has an exclusive new fiber-free matt Ir 
lace that tak pencil Db 
It lets you 
cleaner drawings. It erases easily and 
smudging. And Duratrace lies fla 

DURATRACE, Division of Ozalid 

Dept. K-6 

Johnson City, New York 


after being rolled for long periods. 


Gives you better prints, faster 
The v ery high translucency of Duratrace means faster 


‘opying 1n your whiteprint or blueprint machine 





; rx Pel ag Ny Eat : ‘ 
Bi aia a aki! Se oh ea 


A Division of General Aniline & Film Corpo 





—-—--—-—-—-—-—-—----- 7 





In Canada: Hughes Owens Company, Ltd., Montreal 
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MAGNETIC STARTERS 


Furnas Electric offers the right 
control for every job. Expertly de- 
signed and made of the best ma- 
terials, Furnas starters assure you 
long, trouble-free operation. Only 
Furnas provides a choice of 10 


starters, instead of the usual 5. 
through Size 4. 


_ 


= 


Pree 






CROSS ARM ASSEMBLY 


Molded of reinforced high impact 
material for long life . . . stainless 
steel contact springs resist corrosion 

. special alloy contact backing 
and contact guide posts provide su- 


perior bearing surfaces . . . special 





weld resistant Silver-Cadmium ox- 


ide D54X contacts for long depend- 


CONTACT BLOCK 
Of Plaskon Alkyd... non-trackin 


deep arc chambers 


able life. 


I 
nectors over 5 hp : extra switchlet 


interlock can be added to either side. ' 





Dual voltage « I, 110-22 or 220- 
THERMAL OVERLOAD RELAY 
60 volts .. . single moving part 
Melting alloy principle assures repeat ' 
oom ISTS ol ire I s 
ver! nance s I 1 
. : ' < I Lge he il d me 
i “ I Vit y ' ? 
I , chanical stress ... 100°) noise 
able trip assures tamper-proof opera- j . 
: ' t ! tested . . . efficient low wattage 
tion... 100% factory inspected for 


trip-out and heater coil resistance 


A4eé 


5800, 1024 McKee Street, Batavia, Illinois. 


FURNAS ELECTRIC COMPANY 


For full information write for Catalog 


BATAVIA, ILLINOIS 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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has no moving parts. may be located up 
to 10 ft from control cabinet. 

Unit can recognize ferrous or non- 
ferrous, conductive or non-conductive 
objects. Can be used to check: size of 
object: thickness: for a coating (either 
its presence or thickness deviation 
between two points. Operates on 115 
volts a-c 60 cycle. Security Controls, 
Inc.. 503 Franklin Street. Buffalo 2 


my: 2: >525 


RATE GYROSCOPE 


Type RGB provides constant damping 
over wide range of temperatures with- 
out the use of heaters. Constant damp- 
ing achieved by new design of fluid 
temperature compensating mes hanism 
which uses no linkages. Nominal damp- 
ing ratio variation 0.1 over range 

30 to 100 C. 

Compensating mechanism _ utilizes 
piston actuated by a bellows sensitive 
to temperature. Piston varies flow of 
fluid through an opening so as to in- 
sure constant damping despite changes 
of viscosity with temperature. Gimbal 
mechanism immersed in damping fluid 
Sanders Associates. In Nashua, New 
Hampshire >526 


HIGH-TEMPERATURE SILICON 
TRANSISTOR AMPLIFIER 


Series 101 weighs less than 5 oz, 
cupies only 5 cu in. Suited for driving 
electrically-operated hydraulic valves 
relavs ine plifiers ar i] 
motors, of power im plifers init 
produce either 500 mw of phase 


2 
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Engineered by Tinnerman 


NEW CAPACITOR 
SPEED CLIP SNAPS IN, 
ELIMINATES RIVETING 
OR WELDING! 


Speed up the assembly of capacitor clips to 
electronic equipment with this new Tinnerman 
SpeEeD Cup. The “heel-and-toe” fastening feature 
permits the clip to slide into locking position in 
holes punched in metal, fiber or plastic as easily 
as your foot slides into a shoe. Once locked in 
place, the clip stays put, yet can be easily removed 
and reused over and over again. No riveting, weld- 
ing or special tools required—no screws to start, no 
parts to loosen under vibration! 


SPEED CLips can be provided in various sizes to 
hold capacitors and other cylindrical parts from 
34” to 114” in diameter and to fit a wide range of 
panel thicknesses 

Samples and prices of these SPEED Nut brand 
fasteners are available from your Tinnerman sales 
engineer. If he isn’t listed in your Yellow Pages, 
write to: 


TINNERM™MAN PRODUCTS, INC. 
Dept.12 +» P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 





FASTEST THING IN FASTENINGS® 


EAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. 
resnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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Ideas for your Engineering File 





FULLY WAGNETIC TRANSDUCERS 


C) A precise way to solve 
your speed measurement problems... 





ELECTRONIC 
Fl FERROUS COUNTER 
METAL GEAR 


J HITE 
O@@ 


*Electro Pickup Components 


*COIL & 
POLE PIECE 


* PERMANENT 
MAGNET 





PROBLEM: to measure turbine speeds | 
up to 100,000 rpm 


SOLUTION: | 


; Sub-Miniature 






























a Locate Magnetic Pickup adjacent to 
the teeth of any convenient gear used 
in the machine—or add a small bit 


3055 | 





of magnetic material to a non- 

magnetic rotor. 
b Feed output of Magnetic Pickup di- | 

rectly to electronic counter. Set 

counter to count for a suitable time— 


such as 1 second (1/60 minute ). 





V4"'-40 Mounting Threads 
0.14 oz. 


Use to Actuate, 
Provide Telemeter- 
ing Data, Indicate, 
Control, 
Synchronize 


Accuracy depends on three factors: 


1 Accuracy of the counter 
(usually + 1 digit). 






2 Length of counting time. 







Electronic counters 
















3 Number of pulses per revolution. Relays 

Missiles 

Example: Motion 

60 t oi : Speed 
ooth gear providing 60 pulses per revolution Vibration 
with a count of | sec. (1/60 min.) will produce an ae 


accuracy of + 1 rpm at any speed. (counter reads 
rpm directly with this set-up). If counting time is 
increased to 10 sec. , accuracy will be + 1/10 rpm. 


ELECTRO PRODUCTS LABORATORIES 


45u1-M Ravenswood, Chicago 40, Ill., LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 


Electric devices 
Mechanical operations 


Others 
e069 


Electro 


Sensing Elements 
for Control 
Counting 










ri 












D.C. Power 
Supplies 


Speed and Displacement 
Measurements 


Proximity 
Pickups 





Dynamic 
Micrometer 





Sonometer 
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tive d-c into a 3-terminal center-tapped 
load (Model 101A), or 500 mw of 
phase sensitive a-c output across a 3- 
terminal load (Model 101B). 

Power output is constant throughout 
temperature range of —55 to —125 C. 
Input impedance greater than 100 k 
ohms; load impedance 500-2000 ohms; 
threshold signal 1.0 mv; power con- 
sumption 245 w max; size 7% x 24% x 
21, in. Will withstand 10 g’s shock 
MIL-5272A 
730 Lyn- 
Minn >527 


and vibration and meets 
specifications. Precision, Inc.. 


dale Ave.. Minneapolis. 


VARIABLE TRANSFORMER 
HAS WIDE MOUNTING 
FLEXIBILITY 

Featuring dust-tight functional desig 
transformers of EN116. EN117, EN216 
and EN217 series make possible in- 
creased flexibility in application and 


mounting position. Assembly can 
easily installed or removed trom 
closure without disturbing mounting 


section or conduit connections Access 





(lal be pench floor wall tront-ot 


panel or back-of-panel mounted. Mount 
ing brackets furnished with ganged 
assemblies also permit units to be 


mounted in other positions, such as side 
of machine or suspended under top 
bench. 

Single units and ganged assemblies 
deliver continuously-adjustable voltage 
from 120, 240 o1 


3-phase power lines. Ratings 2.6 to 8.5 


80 volt, single and 


amp constant-current load with up to 
12.5 amp constant-impedance load. The 
Superior Electric Co.. 83 Laurel St., 
Bristol, Conn >528 


SENSITIVE PRESSURE 
TRANSDUCER 


Type TR 719 converts an a-c excita- 
tion to a d-c output signal proportional 
to differential or absolute pressure. 
Designed for use in telemetering pres- 
sures such as aerodynamic, power plant 


ELECTRICAL MANUFACTURING 











Full Control Continuous Processing 


Republic Silicon Steel Uniformity 
Helps Maintain 





Among the many factors considered in motor design, 


selection of silicon steel should not be looked on asa 
routine matter. The uniformity of the steel used has 
a direct effect on design objectives. This is why it pays 
to specify Republic Cold Reduced Silicon Steels. 
Republic provides 3-way assurance of uniformity. 

First, Republic establishes each grade of silicon steel 
by proper additions to the heat in the open hearth and 
the ladle. As processing continues, tests confirm 
that grade specifications are maintained. Tests do 
not serve merely to identify the grade that has been 
produced after all processing is complete. Asa result, 
Republic Silicon Steel is predictable magnetically 
and mechanically. 

Second, Republic Silicon Steel is continuously 
annealed under full electronic control of heat, atmos- 
phere, and timing. This process, pioneered by 


Republic, assures greater magnetic and mechanical 
uniformity from end to end and edge to edge of each 
coil. Moreover, whether you require full- or semi- 
processed, Republic continuously anneals as the final 
step in production. Republic provides maximum free- 
dom from cold work in every silicon steel shipment 
because the coil is slit before the final anneal. 

Third, Republic’s equipment, sequence of opera- 
tions, and methods permit complete testing whenever 
required—before, during, and after processing. All 
production is “tailored” to specifications, on a mass 
production basis. 

It will pay you to get complete information on all of 
the advantages you gain as a user of Republic Silicon 
Steels. Simply contact your nearest Republic office, or 
write Republic Steel Corporation, Dept. EM-5926, 
1441 Republic Building, Cleveland 1, Ohio. 


REPUBLIC STEEL “Ee 
Weleli Uldloxt Reng off Stiwdlard, Steals aud Sto Prodliata 
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COMAR’S NEW 





oe 


or hydraulic systems. Can also be en 
ployed in many other applications such 
; # as sensor in a d-e feedback loop 
; Suited for high accuracy and high en- 
vironmental missile requirements. 
Operates from 15 to 3000. psi 
curately and reliably under high shock 
and vibration: a 300 psi unit will ex 
hibit less than 0.2 per cent error when 
subjected to 15 g’s vibration and 10 
. g's acceleration and can withstand 20 
o's shock without appreci ible reset 
MINIATURE 
- Servomechanisms Inc.. Subsystems 
Div., 12500 Aviation Blvd., Hawthorne. 
Calif. >529 ° 


RUGGED 


PRINTED CIRCUIT 
COMMUTATION SWITCH 7 


Mycalex PC, series of commutation 
switches with printed circuit commut 
SENSITIVE 7 tion plates made from SUPRAMICA 
560F ceramoplastic, are designed for 
telemetry, sampling. data handling and 


automatic control applications 
One standard PC switch has 2 poles 
60 contacts per pole, operates on a duty 





CONTACT RATING with resistive 


@ Operates on load at 28 VDC, or 115 VAC: silver contacts. 
DC coil signals at | 3 amperes; Palladium or gold alloy, 0.5 
sensitivities amperes. CONTACT LIFE: 100,000 operations, 
from 20 to 100 milliwatts minimum, OPERATING TEMPERATURE: 
-§5°C $100°C —6§5° 
Available with 7 °C. Also, —65°C to 


a +125°C, on special order. SHOCK: up to 
> 
suiscdircae-tnlasdulbendeadnadad 50G. VIBRATION: up to 10G, from 


10 to 500 cps. Also available hermetically 
| sealed, as Type TQH 


TYPE TQ SPOT | TYPE TQ _DPDT | TYPE TQ 4PDT 
panel aaa sidiabeilieemneneiuantetie 


switch arrangements. | 























COli RESIST. | OPERATE RELEASE OPERATE | RELEASE | ae RELEASE . = : 
OHMS | MA.DC | MA ieee MA. DC MA. DC | -0C | MA.DC | evcle of either 54 per cent 4 per cent 
50 | 20 10 T 40 | 15 | or 87 to 95 per cent t per cent. at 
100 | 14 . 0 | 7.0 | 28 | oo | speeds up to 1800 rpm, 30 signals per 
200 | 10 35 | 14 5.0 | 20 6.5 | revolution. break before make. Depend 
500 6.3 20 9.0 3.1 | 12.5 | 4.0 | ing on circuit conditions, noise level 
1,000 4.5 1.3 6.3 no By: 7 3.0 | performance is less than 1 mv with 
2,500 2.8 | 1.0 4.0 14 | $6 1 20 5 volt input signal 
5,000 | 2.0 | 0.7 | 2.8 1.0 | 4.0 1.3 Commutation plates provided with 
8,000 1.6 0.50 23 0.8 3.2 1.0 soldering leads. or with terminal con 
12,000 1.3 | 0.40 | 0.6 2.6 9 nectors. Switch can be completely en- 





closed: measures 26 x 2°16 x 3°46 in.;: 


weight approx 24 oz. Four tapped holes 
in base for mounting. Mycalex Elec- 
tronics Corp., 125 Clifton Blvd.. Clifton, 
N. J. >530 







RELAYS 
SOLENOIDS 
COILS 


SWITCHES TANTALUM SLUG 


3349 ADDISON STREET HERMETIC SEALING CAPACITORS 
CHICAGO 18, ILLINOIS 





Tantalum slug capacitors contain 
non-corrosive liquid electrolvte. Due 
to special construction of materials 
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More Power to the Load 





Hughes medium power, silicon rectifiers 
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Creating a new world with ELECTRONICS 


_— HUGHES PRODULU S 


SEMICONDUCTORS 5 1958. HUGHES A 
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Servo Package 





used, these capacitors are both seep 
and vibration-proof. In addition, they 
assure long service life. unlimited shelf 
life and corrosion resistance 

Designed to meet MIL-C-3965, units 


have an operating range between 55 
C to 100 C without any de-rating at 
higher temperature. Overall length 

in., OD ‘42 in. along whole length 


of unit. Pyramid Electric Co., 1445 
Hudsor Boulevard. North Bergen. 
N. J >531 , 





eeees 


PRESELECTION IMPULSE 


COUNTER , : 
[ype TCeZ4PE counter measures 314 x 
| 4 xX s2 In. and is suitabl for flu 
mountin 

Counte las ¢ i Za € 
per s Life te 1 per 
ip to a least 0 il ises 
the counter d uy 00.000 impulse 

Ss il =Vs é 


MOTOR ° GEAR TRAIN « A.C. or D.C. TACHOMETER 


In One Convenient Package 
MO gee Me lie 





Now DIEHL has quality components packaged to save 
you assembly time and trouble. The new DIEHL inte- 
grated servo package comes completely assembled, ready 
for installation. Geared for fast response, the package is 
competitively priced for commercial applications. 


SERVO MOTOR is two phase 60-cycle—high torque to inertia 





can be set to any preselected number 


between zero and 9999, Eacl 


impulse drives mechanism one step 
—high or low impedances for transistor, vacuum tube, or backwards until zero position is 
magnetic amplifiers. sili a ical Ra cick la 
GEAR TRAIN is of rugged, precision-built construction—can actuated. At end of counting run, ma} 
carry a continuous torque load of 100 oz. inches. be reset by push-buttor 
- . . Designed for operation with square 
A.C. TACHOMETER GENERATOR has linearity accu- 


t hf : , d-c impulses. Impulse duration and im 
‘ate e g : bas ¢ erator any ng 9? 

rate enougn for use as an integrator in many computing pulse interval are both 20 millisee mir 
systems. 


Landis & Gyr. Inc.. 45 W. 45th St., Nev 





All units meet MIL Specifications York 36, N. Y. >532 
DIEHL design engineers will be happy to work with you 
in providing custom-built servo equipment for your spe- 
cific needs. Send for additional e meat data. , MINIATURE MICROSYN 
T-813 microsyn, *4 in. in size, originally 
DIEHL MANUFACTURING COMPANY designed fur use in series 10 pendulum 
Electrical Division of THE SINGER MANUFACTURING COMPANY oan apne MNS, Es appHONENS $0 pee 
Finderne Plant, SOMERVILLE, N. J. tion-indicator of gyros, process control 
Other available components: control follow up devices, motion and 
RESOLVERS * A.C. AND D.C. SERVOMOTORS * SERVOPOTS torque amplification, 
*A Trademark of DIEHL MANUFACTURING COMPANY [ sed with lrequene V irom 100 
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This lint filter* is a big reason why In fact, } mesh has p ens A w riet stal 
housewives buy RCA Whirlpool au- long-lived and trouble-free that veaves and meshes are readily avail- 
tomatic washers. Whirlpool engineers now use this able. Y an also save 
: . . aa Re ee tr | . 1) ] MERE oe - } og 4» Y ] ] 
It’s tough, corrosion-resisting, lignt-welgnt mesn in all lint fliters on made of Nickel, incone ] Kel-cnro- 
, } sae + ‘ ; . } . y y s97\¥ ] . } + Ty 
easy-to-clean ...and stays that way their automatic washers. mium-il all and her In 


because the woven wire cloth i made As for fabrication, Monel wire cloth Nickel Al . For am : 
of Monel* nickel-copper alloy! 1h i rienced weavers in y 


IS €asliv we lded, brazed, soldered... I ; 
Monel wire mesh resists corrosion 'eadily formed. And no velvet-glove © : 
treatment is needed. It takes “‘wear < 


by practically all common acid and : oe ee ; 
alkaline solutions. What’s more, it and tear’ of fabrication in stride. 

withstands other severe operating Low cost, too. In fine meshes, it’s The INTERNATIONAL NICKEL COMPANY, Inc. 
conditions because it’s strong, hard, priced specially low. In anv mesh, it 67 Wa t New York 5, N.Y 


Walls 


rigid and durable. makes for sure savings in the long sncecesectnanssaeeians 


INCO NICKEL ALLOYS 
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AIC\U/ @_E CI7Z7E NAN AND 1 MAGNETIC STARTERS 
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D 42° SMALLER SIZE. The new 100-Line General Elec- 
tric magnetic starters (Size 0 and 1) are only as high 
as G-E 4- and 6-pole relays. You no longer waste . 
space on your ponels. 


@ STRAIGHT-THROUGH WIRING. Al! you do is insert 
your leads into the pressure-type terminals and 
tighten. They are on the front of the new G-E magnetic 
starter — easy to reach. 


@) ADJUSTABLE OVERLOADS. A new finger-tip adjust- 
ment of the overload relay trip setting allows easy 
adjustment between plus or minus 15% of the nomi- 
nal heater rating. 












smaller — now approxima 


l¢ f 











mechanical 


1 
ip 


The savings in panel space also he 


new JIC specifications 


MACHINE TOOL RELAYS have front 


connected terminals, are easy-to- The new push to test unit checks for easy -use plug-in form, provide 
wire from four directions, and are burned out bulbs — the new illumi- reliability for critical jobs. Photo 
also available in latched-in forms. nated unit reduces panel space 50% shows three steps of encapsulation 





NEW G-E SIZE 0 AND 1 MAGNETIC STARTERS 


Cut cost by reducing panel 
space and assembly time 


BECAUSE THEY'RE 42% SMALLER — FEATURE 
STRAIGHT-THROUGH WIRING, FRONT CONNECTIONS 


These new, radically different 100-Line General 
Electric magnetic starters have been designed to 
help you save panel space and assembly 
SAVE PANEL SPACE. The new starter 
now approximately the sam 
as G-E 4- and 6-pole relays. When starters and 
relays are mounted side by side, you n 
waste space below the relays. G.E.’s strai 
through wiring and cooler operation m 
need only '2 inch on each side of the new 
The coil inrush current has been reduced 
can use a 40 volt-amp control transforms 
also have your choice of vertical or ho 


interlocking on reversing s 


SAVE ASSEMBLY TIME. The new, 50% 
weight G-E magnetic starter is fast an 


to install and connect. Straight-through 


OIL-TIGHT PUSH BUTTON UNITS. 





















means you att is to the terminals at the 
top and bottom of the starter — no more run-a- 
round wiring to take extra time and space. You 
mount the starter simply sliding its key holes 
ver three mounting screws on the panel 

I General Electric magnetic starter will « 

ut ur assen j ¢ é 

Your customers extreme quiet 
iependable operation — and appreciate the fast 
nspection and the 2 nd disassembly, made 
possible by “snap-slide’’ construction. They’ll 
also like the space savings your smaller, 

mr “+ nar 
pact pz 


Like more inf 


General Electric 









STATIC CONTROL components, in 
































1600 cps. Overall size ~ in. OD x 
in. overall potted in heusiz ! 
OD. Sterling Precision Cory Instru 
ment Div 17 Matinecock Ave Port 


Washington, L. LI. N.Y > 533 


TRANSISTORS FOR 


HIGH-CURRENT SWITCHING ' . 
For use in high-current switching cu 
cuits of military and industrial com- 
puters and in other “on-off” control ° . 
circuits. the 2N578. 2N579 and 2N580 
feature high max collector current rat 
ing of 100 ma. Have min alpha-cutoff 
frequencies of 3. 5 and 10 MC: min d 
current transter ratios of 10. 20 
at full collector current rating 
5 Units are hermeticall ~ealed 
ud | M E - metal case Max iengtl excluding Tes 
ible leads) 0.260 1 and max dar 
e 0.370 in. Semiconductor and Material- 
From nya TD 4 Dis Radio Corporation «© America 
Somerville. N. J >534 





: * PREFABRICATED WIRING 
it's HAYDON ae 
eee fil 


“Plyo-Duct™ multiconductor 


for timing devices Sahat tax co saeniaon 


and special custom patterns Standard 
If you’re looking for a complete product line that includes Piegiiust ix auailable on apesls 
Timing Devices jor every application requirement and, and 15 conductor sizes. The flat copper 
addition, jeatures the highe st quality and most r conductors are 0.0027 in thick and 
advanced design at the lowest possible cost, HAYDON 0.075 wide. Overall thickness only 0.008 
has it! And all Haydon timing devices incorporate the ‘ i ickn nly 0. 


. ie 0.156 in. center-to-center 
famous Haydon hysteresis and /or inductor timing motors in. TI 


available for 50, 60, and 400 cycle and DC power supplies. ing allows the harness to employ 


If you’re looking for a complete service to meet all your 
timing needs, HAY DON offers fully integrated engineering 
and manufacturing facilities ready to take your timing 
projects right through from design and development 

to finished product! 

And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available 
you'll find there’s a HAYDON Timing Specialist in 
your area, a man fully qualified by training and experience 
to help fill your Timing Device needs. Why not phone him 
today and make an appointment to discuss your requirements? 


> 





*Trademark Reg. U.S. Patent Office 
Division of General Time Corporation 


2530 East Elm St., Torrington, Conn. 


HAYDON 


AT TORRINGTON 










HEADQUARTERS FOR 


TIMING 
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NUTT-SHEL guarantees that parts will 
perform as specified 


in catalog. 


NUTT-SHEL builds standards and miniatures _— 
to AN and NAS part alate ‘ei 


numbers. 


Y 4 eas NUTT-SHEL is designing special and 


multi-purpose nuts. 


COVE t specification —_ 
96 & 97 series 4 a c Pa Sa 
‘ oe AO «- “a . 
“ mA 4 typical designs; each 
«-* e -_ a 
an a a solves a special 


13630 series fastening pri 


NUTT-SHEL designs in anticipation of 


your needs. 


Your inquiry will receive 
immediate attention 


dome nut was produce d 
a ; by engineers who 
-% first in 1952 understand the unique 
5 a“ characteristics of your 
* CH S5-3693 Ci 4-419! problems 


s e 
“A 
Bll AIRWAY 


GLENDALE 1, CALIFORNIA 





14630H, 14633H 
& 4630H series MANUFACTURERS OF AIRCRAFT 
AND INDUSTRIAL FASTENERS 
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You Should Know Why. 
KIRKWOOD 
aT Ve ey 


A re. LE 


K irkwood durable STEEL 
CORE or economical 
MOLDED CORE commuta- 
ewe eM eters MoCo 
for longer, efficient life. 
iN MiMe Remo 


Kirkwood steel and mold- 
Ye MEME Mess) | a Me 
at MMS LMSC Lare(olge ts 
of quality. You can depend 
Tammie mia Pele 
ArH Ey elola dite Rolle k baat) 
brush wear, safeguarding 
Sila a Me Ms 


load. 


Send us your prints for 
estimates on new commu- 
tator or slip ring designs 
C-Tae sl -talel ele) ifaeti tate 
Kirkwood commutators 
range from 2s” to 50” in 
diameter. 


rT 
i, Se 
& 
. 
rm 

\ 


.) ¢ 
*ean0* 


KIRKWOOD 


COMMUTATOR CORP. 


4855 W. 130th St. Cleveland 35. Ohi 
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ard pin terminal printed circuit con 
nectors 

Standard insulation is polyester film, 
but Plve-Duct is also available with 
elass-reinforced silico plastic lamina- 
tions for high-temperature applications 
Standard packaging on 4 in. diam dis- 


posable spools Methode Manufactur- 
Cora: 7447 W. Wileon Ave: Chickss 


CAPACITORS FEATURE 
IMPREGNANTS AND 
DIELECTRICS 


nee na proved capacity drut cl 





ent ed \ ig Ir 60 

5 C. can be 1 with ge results uy 
t iZ.> 4 

GMP pa ~ vlass-€ lo a 
plasti | idit ib 
advantages t features icuum-tight 
issembly with embossed metal end caps 
to insure flush contact. Studs ) 
ection-welded to end caps to assure 
vibration-resistant mounting. Potter Co 
1950 Sheridan Road. North Chicago 
11] > 536 


FAN FOR MAXIMUM COOLING 
OF ELECTRONIC GEAR 


PROPIMAX-2 fan 


free air from a fan weighing only 6 oz, 


delivers 120 cfn 


represents 1200 lb of air moved per hr 
per lb of fan weight. Dimensions: 3 in 
diam by 1.4 in. deep. 

For operation on 115 volts a-c. 1] 
100 « ps 


also avail- 


phase or 220 volts a-c 3-phase, 
Motor turns at 20.000 rpm 
able in 10.000 rpm version and variable 


speed Altivar design which maintains 











B THERMISTORS 


3 
NORMAL CURRENT SURGE -NO THERMISTOR 


SUPPRESS INITIAL 
SURGE CURRENTS... 


~ 
z 
ay 
a 
cs 
) 
7 


TIME 
SURGE SUPPRESSED BY THERMISTOR 





Application of voltage to tube re- 
celve i nitter co a 
othe electre c equipment é 
their hlaments to ur 
(tor os¢ og n 

These irge Ca € - 
ure or 1 tistactor € ( bot- 
tor osclilo sho ne G-E 
tk miusto ri ¢ ire 
and ote © fila! 

ine hern tor | i large 
tempe ture coefficis Oo € ce 
The high re tanc no rge cur- 
rent to a low value during 
application of voltage. As the col 
ment gradually heats up — raising 
resistance to normal level — the 
mistor’s resistance lowers to a negli- 
gible value, permitting full current to 
flow after a brief period 


G-E thermistors can also be 
to prevent surges 
lays, or disturbing sensitive apparatus 
They can provide time delay, 
warning circults, sequence 


used 


irom operating re- 


control 
switching 

For more information, or thermistor 
test kits, write: Magnetic Materials 
Section, General Electric Company, 
1804 NV. Ne ff A ve., Edmore . Michigar ° 


THERMISTOR TEST KITS 
$12.50 each 


RA DISKS (160 OHMS). 


" 6 SIZES 
¢ Ee Kit B: 12 orsKs (1000-100.000 OHMS). 
%! @ SIZES, 2 GRADES 


- Kit C: 12 washers and RODS 





Sean an aien’ «ones eniaen 
8 his 5 OHMS). 6 SIZES, 2 GRADES, 
~~ Kit DB: se orsms (100 oHMms). 
a $ SIZES, 2 GRADES 
Progress ts Qur Most Important Product 


GENERAL @@ ELECTRIC 


Circle 182 on pege 17 














CDF Dilecto 
paper-base laminates 
for the workhorse 
insulation jobs 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 


paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications— better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
spec ialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we'll return a recommendation of the right 
Dilecto grade for your need. 





Fabricated by CDF. Near tt 


3 nates, these paper-base 






peace are CONTINENTAL-DIAMOND FIBRE 


Jescribed in the table below : — A sussiDiARY OF THE —APavahef- COMPANY + NEWARK 13, DEL 


Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 


XX-13 FR 
XP-13 XX-13 Fire-retardant XXXP-28 
NEMA P NEMA XX NEMA XX NEMA XXXP 


ROCKWELL HARDNESS 95 110 108 90 
TENSILE STRENGTH Iw (1000 psi.) 12 1 17 

FLEXURAL STRENGTH Iw (1000 psi.) 2 20 

COMPRESSIVE STRENGTH (1000 psi.) 


WATER ABSORPTION (° in 24 hrs.) 
1/16" thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (C.) 


DIELECTRIC STRENGTH perp. to 
lam. (VPM) 


DIELECTRIC STRENGTH parallel to 
lam. (Kv.) 


DISSIPATION FACTOR at 1 mc, Cond. A 0.038 0.034 0.038 
DIELECTRIC CONSTANT at 1 mc, Cond. A 5. . 4.7 4.8 3.6 


ARC-RESISTANCE (seconds) 4 10 10 


INSULATION RESISTANCE (megohms) 1,000 1,000 600,000 
ASTM D.-257, Fig. 3 


AIEE insulation class 
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Save Cost of Threading! 












Also 
ELIMINATE 


--Notching 


These low-cost, vibration- 
proof, tempered spring steel 
PALNUT fasteners assemble 
fast—hold tight on unthreaded 


--Drilling zine die-cast studs; also on 
for 


cotter pins 


unthreaded rod and wire of 


steel, aluminum or brass. 












PALNUT SELF-THREADING LOCK NUTS j pie 
Form deep, clean threads on un- 4 for — 
threaded studs or rod while tightening B leed-corrying 
Provide vibrat ion-proof grip on studs, “ 

whether seated for load-carrying, or tes 

unseated as a “stop” nut. Adequate 

prevailing torque keeps nut in position 

Hex form fits all star i tools for T 

easy fast assembly. Washer base spans Unseated 





holes and slots. Also av: 


sealer washer. May be removed and 


able witt oa 





re-used. Sizes for 1/8”, 3/16” and 


1/4” dia. rod or studs 





PUSHNUT* FASTENERS -- ACORN owe 


Simply na h or tap on unthreade 


wire or ri ol ck securely Seven tie 


SE, 
ing, notching or drilling for cotter 
Locking grip at base resist ren 
Smooth contour of Acorn nyee ( 
rod ends CK has open e 





ype CT € 
bles with r a end flust th P ALY Nl r. 
Type C (closed end) Six sizes from .120” to .312” dia. rod or wire Type CK (open end) 





PUSHNUT® FASTENERS -- FLAT TYPE H PUSHNUT* FASTENERS -- TYPE W 





> 
> 
/ 
kly push on unthreaded studs, rod or M 


to provide tig 





our gripping teeth, lor 
turned up edges assure f 

resilient grip, even on hard rome stu 
Fast assembly with PALNUT applicator 


ae © >» , 
Sizes for 1/16", 3/32” and 1 





Write for free samples, stating type, size and intended application. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 


in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 





Quick, secure fastening at low cost 
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constant cooling efhiciency at changing 
altitudes while running at low speed 
and with low noise at ground level. 
Mounting by means of 2 “servo” 
type clamping rims on either end of 
venturi ring using standard servo-motor 
type clamps. Airflow can be reversed 
by turning fan over end-to-end, mount- 
ing against opposite rim. Rotron Mfg. 


Co.. Inc 4 W vodstock N. 2 >537 


ANNUNCIATOR OPERATES 
WITHOUT RELAYS 


Annunciator for monitoring complex 


iutomatic systems uses static-magnetic 
controls instead of precision relays. 
“off nor al” nM 


instrument-ty pe 


Reports eurrences on 


panel by visual and 
audible means. Controls have no mov- 





ing parts and provide high reliability 


tor monitorin 


g critical operations. Plug- 


in design of static-magnetic elements 
makes it possible to change sequences 
without re-wiring, or to expand sys- 
tem as required 

Static-magnetic eleme capable ot 
logic functions AND, NOT, OR and 
MEMORY. These cover any possible ar 
rangement. intormation. or set of condi 
tions. Panellit. Inc THM N Hamlir 
Skokie Ih >538 


HIGH TEMPERATURE 
TRANSFORMERS 


} pOxy molded units available in fol 
lowing size range: 4% x 42 x 1% in 
terminals of 
0.020 through 0.040 in. diam. Units as 


large as 4 x 4.x 4 in. have been manu- 


high. with plug-in pin 


factured to special order 
Hermetic illy sealed units av iilable 


in the complete range of MIL T27A 





ELECTRICAL MANUFACTURING 


ase sizes from the AG to the NA case 


ts Rn i es) > eee aeons hae oon 




















SPECIFICATIONS 
ze: 42” dia. Weight: 4 oz 


r rating: 1.5 watts at 


sistance Range: to 40K ohms 


sistance Tolerance: +10% 


Dielectric Strength: 1000 V. AC 
for 1 minute at atmospheric 
pressure 

Torque: Less than 0.5 oz.-in 
Completely enclosed to meet 


toughest environmental condi- 


c fan r | al e 
tions. A able solder cannot 


reiil 


Mountings: Servo and bushing 

Also locking type 

Rotation: Limited or continuous 
= High-frequency operation 


®@ Modifiable to your require- 
ments 


HIGH RELIABILITY 


72’ PRECISION wocxoPOTENTIOMETERS 


Designed to meet the ever-increasing demand for greater 
performance and highest reliability in less space, 

the Clarostat Series 57 Precision Potentiometers feature a 
new rotor and brush assembly for maximum stability 
and longest trouble-free service. Nickel-silver body. 
Thermally compatible cover with sturdy terminals 
molded in place. ws Write for details... 








© t Since 1921, Experienced Resistor Experts! 


CLAROSTAT 
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Flectrical rating 20 amp 125. 250. THE MARK OF QUALITY 













a-c emall motore 


high quality ...at low cost 


For servo-mechanisms, 

remote switching and positioning 
devices, recording instruments, 
and voltage regulators. 


reversible 
up to 1/25 hp 


Barber-Colman shaded pole 
reversible motors are adaptable to 
a variety of control circuits 
They 
meet the specifications of many 


and power requirements 


applications requiring a compact, 
powerful, fast-reversing motor 


@ High starting torque 


@ Low-inertia rotors for rapid 
reversing and follow-up 


@ Porous bronze or ball bearings 

@ Hardened and ground 
stainless steel shafts 

@ Long-life, rugged construction 

@ Available with or without 
reduction gearing .. . open 
or enclosed types 


@ Economically priced 





geared 


Barber-Colman a-c shaded pole 
reversible and unidirectional motors 
are available with both enclosed 

and open gear reductions. (Model 
shown is designed for overhanging 
loads.) Wide choice of models 

with wide variety of gear ratios for 
such applications as vending and 
office machines, rotisseries, TV 
tuners, program switches, etc 








unidirectional 


Designed for applications requiring 
long life and high starting torque 
Low-inertia rotors for quick, positive 
starting. Well suited for driving 
pumps, vending machines, vaporizers, 
antenna rotators, fans, blowers, 

office machines, and the like. Rugged 
construction, low cost. Synchronous 
and non-synchronous types available. 








7 


ee * 





FREE CATALOG HELPS SELECT MOTOR NEEDED 








Get the helpful condensed catalog of Barber-Colman shaded pole small motors 
Contains complete descriptions of above motors, shows typical specifications, 


performance characteristics, contro! circuit diagra 





Write for your copy 


BARBER-COLMAN COMPANY 
Dept. F, 1203 Rock Street, Rockford, Illinois 


Small Motors + Automatic Controls ° Industrial Instruments . Aircraft Controls 
Electrical Components ° Air Distribution Products ° Overdoors and Operators 
Molded Products ° Metal Cutting Tools ° Machine Tools ° Textile Machinery 
198 Circle 186 on page 17 


AG to the NA case 
size. Open-frame units available in a 


ase sizes from the 


size range from °4 x *. x ‘2 in. to 
approximately 5 x 5 x 5 in. 

Materials used include Teflon lead 
and magnet wire, Teflon tapes, Mylar, 
silicone impregnations and epoxy en- 
capsulation. These Class S units op- 
erate from —65 to 130 C in excess of 
10,000 hr. Microtran Co., Inc., 145 E 
Mineola Ave.. Valley Stream. I I 
N. } > 539 


CERAMIC-TO-METAL 
LEAD-THROUGH TERMINAL 


Terminals are usable with either sott 
or hard solder, provide positive vacuum 
seals around conductor lead-through 
Designed for use with soft solders at 
tempe! 150 F and with hard 


itures up to 





or silver solders to 1400 | 


oft high-alumina ceramic insulator tused 


Comprised 


to a metal lead-through pin. Pins sup- 
plied in either steel, Kovar or 52 alloy 
copper-cored. Pin connecting heads car 
configurations 
including eye and hook shapes. Thermo 
Materials, Inc.. 4040 Campbell Ave.., 
Menlo Park. Calif »540 


several 


be supplied in 


STUB-PLUNGER 
SNAP-ACTING SWITCH 


Switch life of 1.000.000 operations is 
possible with ype 2HBD switch. Long 
bearing guide for plunger 


assures 


smooth action and high repeatability 


rN 





ELECTRICAL MANUFACTURING 








) 


Electrical rating 20 amp 125, 250 
180 volts a-c; 0.25 amp 250 volts d-c; 


Y.o0 amp 125 volts d-« Also furnished 


with horsepower ratings 9 hp 125 
volts a-c/] hp 250 volts a-c, or *4 hp 
125 volts a 114 hp 250 volts a- 

Less than 2 in. long, 6 in. wide, 
werall height 1°42 in. Unimax Switch 


Div The W. I Maxson Corp Ives 
Rd., Wallingford. Cont >541 


METAL FILM MICA 
ATTENUATOR ELEMENTS 


This highly stable microwave attenua 
tion material has electrical and en- 
vironmental characteristics that com- 


¢ t 


ivorably with metallized glass 


elements 


Made of “scratch-free” mica upon 
. which is deposited a thin film of pure 
metals only 6 millionths of an inch 


ck. Film sealed with micro-thin 








otective coating of quartz 
‘ Wide application in high frequency 
iriable attenuators above 18.000 
in rotary ittenuator 1esig 
ses 0.001 in. thick i s¢ 
electr lly itched at eithe 
é Standard 1 a1 sheets available 
OOO to Ot ir thick I ré 
sistivities from 25 t 100 ohms per 
. Fil hm (¢ l 8 W. 25th S 
New York 10, N. ¥ »542 
METAL GRID PRECISION 
RESISTORS 
Line of hermetically-sealed precisior 
sistors ses spe | designed 
t i illov grid sistance element 
Available in 3 pes: CAH. 0.25 w 
EAH, 0.50 w i GAH \ 
il ratings at 10 ( imbient stand 
d resistance tole es are 0.1, 0.25 
ind 1.0 per cent. Resistors exceed 
' EE 
O_O 
‘ ° MIL specifications for wire-wound and 


metal-film type resistors 


Standard tests for temperature cycl- 


ng. low temperature storage. short 
time overload (2 times watts, 10 
min). and dip soldering produce 


hange in resistance of less than 0.1] 
per cent 

Type CAH made in resistances fron 
4 K ohms to 1 megohm. Type EAH 
from 2 K ohms to 1 megohm, and 


JUNE 


400 cycle a-c motors resonant relays 


tach generators 


Molded Products °* Metal Cutting Tools * Machine Tools ¢° T 


| 


aa) d-c gearhead motors 


A 









e ee 
multiple output motor 
requires little space 
Equi] ped with three output shafts, 

ee: aA it era roe . a 














applications in limited space 

+ Permanent magnet motor has 

oe patented symmetrical, progressive lap- 
type armature winding, which 
provides true electrical balance 
superior commutation low radio 


3.00 ce 





t. Elementary control 


ise 
circuits ide dynamic braking 
Fyn] n-proof enc! Ire 

EXpios n-prl nciosur®re 
Temperature range 65 °F to 


+900 F 

@ Gear ratios available up to 
41,176 to 1 

@ Withstands sudden reversals 

@ 12 oz. (approx) weight 








THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industria 











C mountings and eed 
clso av e with heads or biowe Tach 
d-c motors polarized relays Genero for o ° nd on and 
rr wd 2 power. Resonont 
- R s D Ow Cc atin owe 
me val ws Ultra-Sen Polo z 
e on in wers as low as 40 micro 








3 , TECHNICAL BULLETIN SERVICE 
\ 4 on all Barber-Colman electrice 
= am. 6UC<«<i*«‘«CCOO™M CPC Detailed fica 
J a apseicw 2 
% drow A e by ots m an 





AMAT L NS to SPRINT AE RINNE AE NP SP EN RE REE RRL GRR 
BARBER-COLMAN COMPANY 


Dept. F, 1803 Rock Street, Rockford, lilinoi 
cal Components ¢« Sma Motors °* Automatic Controls °* Industrial Instruments 
Aircraft Controls ° Air Distribution Products ° Overdoors and Operators 


extile Machinery 
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Iype GAH from 1 K ohms to 2 meg- 


AT LAST=-—The IDEAL ohms. Allen-Bradley Co., 136 W. 


Greenfield Avenue. Milwaukee 4, Wis- 


BARRIER TERMINAL STRIP | °"’ 543 


HEAVIER HIGHER MATERIAL BETWEEN BOTTOMS RELAY SOCKETS 

me BARRIERS BARRIERS AT BASE CLOSED Illustrated are two of “Hi-Reli” series 

" , designed for use where high reliability 

is essential and application requires 

plug-in type hermetically-sealed — re 
lay 

Featured are gold-plated over silver 


plate free floating screw machine con- 


\ ‘ 
CAN BE IMPRINTED KNOCKOUTS FOR 
HERE Y TERMINALS 


JONES SOO SERIES 
LONGER— STURDIER 


Wider and higher barriers for increased 


creepage distances. Closed 
bottoms for complete insulation 


Material between barriers at the 


adds to the strength and maintains the same creepage distance between 


contact to contact and contact to ground. Can be imprinted here. N« 
insulating or marker strip required. Three series—540, 541 and 54: 
having the same terminal spacing as our 140, 141 

Complete listing in the new Jones No 
copy today. 


base 


149 . 
and 142 series 


22 catalog. ri tor your 


n molded body of MIL-M-14I 
type nsulation. Contacts 
\ Iv} i a 
HOWARD B. JONES DivisioN Seen 
CINCH MANUFACTURING CORPORATION minations ockel ing be mou 
CHICAGO 24, ILLINOIS oe Sere oe ee See 
SUBSIDIARY OF UNITED-CARR FASTENER CORP able are units for use with 6-pole 
pole ind 2PDT relavs Armel | 
tronics. Ine 840 Fifth A ; 
2. N. ¥ 
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Here's Transformer Progress 4, usc puss 


You can now obtain 2% times greater ' STANDARDIZER 
inrush capacity from a modern con- 
trol circuit transformer than you 
could get just a few years ago. Com- 
pare, for example, the inrush current 
that equally rated units can handle 
at not more than 5 percent drop 
below rated voltage. 


Power pulse generator LOISA 

} independent sections which produce 
0.1 psec pulses of 30 volts amplitude 
when triggered by external oltage 
transients. Output amplitude variable 
from 0 to 30 volts, and in both positive 
ind negative polarities. Separate BN 
é coax connectors provided for 90-ohn 
1940 Ordinary transformer —33ue , oe is a-c coupled and may 
with non-interleaved windings se ee ae, acc a 
— 400 Percent Inrush. ‘J or “ 


it least ] user pel ] volt All 6197 
1945 Type SIO developed by power output tubes are protected by 
Hevi-Duty with interleaved ! 
windings — 700 Percent Inrush 
y _ ae ; : aa lated +210 volt supply is built into 

1957 New Type SZO with interleaved windings, plus : 


. ieee unit to yrovide plate and screen poten- 
other new design features developed by Hevi-Duty — 1,000 is . 10 . | | : » f 

“‘ , 3 tials. ie volt supply voltage for 
Percent Inrush 


use on front panel, in event bias volt 


iges are accidentally removed. Re 


Yes, the story of transformer progress is still being written 
by Hevi-Duty. 


Write for Bulletin 300 for full information on new Type 
SZO. Capacities from .050 to 5 KVA. 


HEVI-DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVISBUTY ELECTRIC EXCLUSIVELY | 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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TR 
Ne 
Tey 


ee Md) 


a 


VINYL GLASS 
ep.14 HI HEAT SUPER 


iny! Coated 
105 & 105A HEAT 125 " Fibergias® 


cs 


185°F 
45°F 


1,000 


volts/mil 


Outstanding 


Resistance to 
aed 
(Self Extinguishing) 


at Thy 
Piste irs 


PU TTA IHL 
tthe ula] 


fea il-l-74440(2) Grades a and ore AMS 3630A 


R 
ia é 


g cords 


... and only Resinite gives you 


SOFT-WOUND SPOOLING Prevents flattening 
of even thin wal 

sleeving at the spoo 

core. All sleeving is 


we = delivered full round . o 
; — speeds assembly 
time, saves material 
POSITIVE TEST NO. IDENTIFICATION Every 
lot of Resinite Specification 2 
= : 


Sleeving is rigidly tested 

for conformance. Each spool 
Carries this test number 

for easy, positive reference 
to the permanent test record 
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Let Stackpole Custom Engineering 


TACKLE YOUR NEXT 
BRUSH ASSIGNMENT! 














...for maximum efficiency on any 
motor from “flea power" to giant diesel- 
electric traction types 


Hardly any two pieces of motorized equipment are alike 
in their brush requirements. Close perhaps—but almost 
never exactly the same! 


Maximum brush economy, life, commutation and free- 
dom from commutator burning are obtained only by 
careful tests that determine the best grade on the actual 
equipment, under actual operating conditions. Secondly, 
these features are only assured to the maximum by brush 
experimental and production procedures that permit 
“tailoring” basic grades to specific equipment and its 
operating conditions. 


This, in brief, is the heart of Stackpole “Custom Brush 
Engineering’. More than any other factor, it is the 
reason why Stackpole brushes are more widely used 
than any others on motors of many different types—and 
have been for many years. 


meshes There is no obligation in putting Stackpole Custom En- 
at MOT tate gineering to work on your next brush assignment. Ask 


placements your Stackpole representative or write to... 







STACKPOLE CARBON COMPANY, ST. MARYS, PA. 





Custom fngineered 


for all rotating electrical equipment 


CONTACTS * VOLTAGE REGULATOR DISCS * CATHODIC PROTECTION ANODES ° FIXED & 

VARIABLE RESISTORS * BEARINGS *® MOLDS & DIES © FRICTION SEGMENTS * SEAL RINGS 

CLUTCH RINGS * CHEMICAL ANODES * HEATING ELEMENTS * WELDING CARBONS * POROUS 
CARBON ... and dozens of other carbon, graphite and powdered metal products. 
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internal transistor pulse circultry pro- 
vided by standard 1000 BR rack sup- 
ply. Navigation Computer Corp., Phil- 
adelphia 45, Pa. >545 


MINIATURE SERVO 


Designed primarily for servo repeates 
applic ations, Model 100-1 meets need 
for an isolation servo between synchro 
components, of! i svynchro-controlled 
servo drive for resolvers, potentiometer 
or shaft-to-digital converters 


Unit is light. compact and has high 





sensitivity to synchro input produc 
an accurate high-torque output. De 
signed to MIL-E-5400 specifications 
Within a package 3 in long and | 
in. diam. servo includes: motor. contro 
transformer, amplifier. gear train and 


related circuitry. Power requirements 


115 volts a-c 400 eps. and 28 volts d- 
Librascope. Inc., 808 Western Ave.. 
Glendale 1, Calif >546 


MINIATURE TELEPHONE-TYPE 
RELAY 


Class E relay can be used in portable 
electrical circuit analyzers, data pro 
cessing equipment. and applications 


where savings in weight and space 


are important. Features armature bear- 


ing assembly with heavy-duty stainless- 
steel pin turning in sintered-metal 
lubrication-retaining type of bearing 
voke 


Designed for ip to 150 volts d-« 


1 
& /4 in 


and 220 volts a- Length 
width, 1-1/8 i height varies fron 


1-13/64 in. for a unit with a min of 


2 springs to 1-23/32 in. with 10 springs 
Available in following series: EQA 
(quick acting): ESO (slow-operate) ; 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


Polyken tapes -- 
experienced in solving 
| a raft of problems 


(maybe they can solve yours) 





Paper-backed tapes ... masking, protecting, packaging. 





Specialty tapes . 


.. heat-sealing, bonding, reinforcing 





See the versatility of modern Polyken adhesive 
tapes. All have solved tough production problems 
.. economically. For help with your problem, look 
in the yellow pages of your phone book for the 
Polyken Industrial Tape Distributor nearest you. 
Or write to the Polyken Sales Division, 309 W. 
Jackson Blvd., Chicago 6, Illinois. Dept. MD-1. 


Plastic-backed tapes insulating, sealing, splicing 





4 
Cloth-backed tapes... holding, binding, water-proofing O U ke ry 


INDUSTRIAL TAPES 


THE KEN DA LL COMPANY 
Polyken Sales Division 
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W. 1. BAXTER 
= Harrisburg, Po 
: Ki 5.9866 


f 
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W. 8. ALBRIGHT 
Chicago, Wi 
Fi 6-613! 


L. H. BENESH 
Bettendorf 
DA 5.0771 





R. E. AXTHELM ~ 






Chicago, ! & 2 
Fi 6-613! — a « 
4. 
CS. tacon, 
Denver, Col 


PE 


3-$$47 





A. 5. BICKHAM 


Phone 661! 


W. Cc. KING : 
wy bin ° == 


- _— 


f D. E. PHELAN A. L. POLICH 


* 
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R. LEROY GUNN H. F. HERRIC \. 0. HUSHAW ~~ ; ; ; 
Solt Loke City Tipp City, 0 okiond. Co ° ¥ sUN 
Phone 661! LO 9-8994 
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D. H. LAWSON t 


(05 Anceles 
RA 3-2717 K. C. MATTLEY 
“ nite 4 
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D.C RAASCH Om 
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C. M, POSTON 


Phone 661! 





R. L. MOTTER 





New York 
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W. 5. BOUTWEL GENE BURNETT 
Portiond, Ore. Mission, Kon 
CA 3-241 RA 217% 
R. W. CHAPMAN 
Tipp City, 0 
Phone 6 
~\ nt 

=’ 






eof 





J. W. CLAGETT 
Rockford, 1 


Phone 7-8239 


433 


MATT CABOT 








W. F. REINKING 
oe] H. E. RIETZE 
J, i 
J 
“ 

‘ R. STAUB 
> e a ~=CNoshwille, Te 
.. J). SCHWARTZ - AL 6-4906 


A. O. Smith motor men 
— men that can help you solve motor applica- 
tion problems... 


These are some of the 


help you cut down on motor 
maintenance and service costs. 

Currently, “wanted” 
industries using electric 
S00 hp. 


they're scores of 


3 to 


by 
motors from 1] 


One of them is known to be in your area. 
If you spot him, approach him with confi- 
dence even though he’s armed (with facts). 

Your reward will be the best service, the 
most application assistance and the best-run- 
ning motors you've ever encountéfred! 


UNE 1958 
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J. C. SWANDER 
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ELECTRIC MOTORS 


Tipp City, Ohio 
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ESR (slow-release); ESA  (slow-act- 
ing, slow-operate and _ slow-release) ; 
EFA (alternating current); and EMS 
(snap-action contacts). Mountings in- 
clude octal-plug type, 8 and 20-pin, 
and strip mounting with or without 
dust cover. Automatic Electric Co., 
Northlake. III >547 


LINEAR MOTION 
TRANSDUCERS 


Models 101. 102 and 103 displacement 
transmitters provide output voltage 
proportional to plunger displacement 
Good sensitivity and stepless resolu 


tion provide accurate measurement of 


\ 


/ 6 + 
oa 
otions as small as 0.000001 in. or 
ranges as large as 0.4 in 
L nits pl ide standard electrical con 


nector. bearing-aligned spring-loaded 


plunger. and threaded mounting shank 





with locking nut to allow precise posi 
tioning in mounting hxture 

KEARFOTT SERVO MOTORS MEET ALL REQUIREMENTS Operating temperature range 65 to 

OF RELIABLE, HIGH-PERFORMANCE MISSILE SERVO SYSTEMS 200 F. Output can be measured with 

i-c millivoltmeter. Daytronic Corp., 216 

SHOCK AND VIBRATION: Ruggedized to withstand 30 g's and 2000 cps S. Main St., Dayton 2, Ohio >548 


TEMPERATURE: Designed for operation at 400° F. or higher 
CORROSION RESISTANT: Materials used assure freedom from corrosion 


IMPEDANCE LEVEL: Matched to function with transistorized amplifiers 


STRIPED TEFLON-INSULATED 
WIRE 


| STALL | NO LOAD | 





- | ER, = Dura-Stripe Teflon-insulated wire has 
TYPE size | TORQUE | SPEED | VOLTAGE | TRANSISTORIZED ; 

02.—IN RPM Be? AMPLIFIER spiral stripes which are extruded as 

400 cps | a! oe. Se a permanent part of insulation. They are 

R-123-5 | 8 .33 6500 26/40V A3105 not painted surface stripes but ‘durable, 

R-124-5 | 10 | 28 6500 | 26/40V A3105 everlasting color coding as permanent 

R-119-5 | 11 60 6200 | 115/40V A3106 2s insulation itself—cannot rab off. 
R-110-5 is | 1.45 5000 | 115/40V A3106 

R-111-5 18 24 4800 | 115/40V A3104 peel off. rub out or flake; insulation 

R-112-5 18 28 9800 | 115/40V A3104 impervious to solvents, lubricants and 

t an eae ee chemical corrosion 


R-160-5 | 18 | 3.5 3400 | 115/40V A3300 Available in solid colors or extruded 
7 eee ee Se eae stripes, made in accordance with MIL- 
W-16878 specifications, in Type E for 
600 volt or Type EE for 1000 volt serv- 
ice at temperatures from —65 C to 


Send for detailed dota on all Kearfott components 


¥ 





CORPORATIO 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J 
Midwest Office: 23 W. Calendar Ave., La Grange, III South Central Office: 6211 Denton Drive, Dollas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Colif 
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Use Armco’s Special Electrical Steels 
to step up performance and cut costs 


UOC Aa Stile 


DI-MAX M-15 for 


These ({rmco-pioneered electrical steels offer unique 
combinations of properties that give you both design 


and production advantages. 


TRAN-COR®: A-6 provides exceptionally high 


permeability at low and moderate inductions, reason- 
ably uniform properties in all directions, low core loss 
and adequate ductility. It’s available in coils or cut 
lengths, in 29 and 26 gage, with or without standard 


or special Armco insulations. 


DI-MAX® M-15 is a low core loss grade with 


uniform high ductility for punched laminations of 
any size and shape. At high inductions its permeabil- 
itv is better than that of standard M-15, and its flatter, 
smoother surface assures a high lamination factor. 


Available in coils, DI-MAX M-15 has uniform g 


age 
and annealed ductile welds that facilitate punching 


and core assembly. 


Audio and TV Transformers 
High Impedance Devices 
Instrument Transformers 
Servo-mechanisms 

High Frequency Generators 


Large Motors and Generators 
Induction Regulators 

High Efficiency Motors 

TV Power Transformers 
Watt-hour Meters 


Design Data Available 


Put the unusual magnetic and fabricating propertie 
of these special Armco Electrical Steels to use in your 
products. Just fill out and mail the coupon for ex- 
tensive design data that will help you use them most 


effectiy ely ° 


Armco Steel Corporation 
1378 Curtis Street, Middletown, 0 


Armco DI-MAX M-15 


i ' 


' 


} 
SN — 


ARMCO STEEL 


ARMCO STEEL CORPORATION ¢ 1378 CURTIS STR 


SHEFFIELD DIVISION + ARMCO DRAINAGE G METAL PRODUCTS, INC * THE ARMCO INTERNATIONAL 
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EET, MIDDLETOWN, OHIO 


CORPORATION 
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200 C. Also available to meet require- 
ments of National Aircraft Standards, 
Specification NAS 703. The Rex Corp., 
West Acton, Mass > 549 


THERMOCOUPLE REFERENCE 
JUNCTION 


Miniature multi-channel thermocouple 
reterence junction tor airborne and test 
cells is designed to replace conver 
tional ice bath as reference tempera- 
ture for thermocouples. 

Offers precision and regulation to 


deg F or even better by multiple 





temperature control. Warm-up time is 


hr at 65 | 
Also permits user to record severa 
types ot thermocouples Reference te 


perature is field adjusted and mor 





tored with precision resistance ele- 
ment. Can be adapted for test cell use 


Aero Research Instrument Co., 315 N 


‘ ‘ berdeen St.. Chicago 7. Ill ~550 
For perfect insulated termination . .. | | 


MOTOR-GENERATOR 
CONTROL PANELS 





faster...specify the : 


: Control panels in 3 basic designs 
venerator-mounted, wall-mounted, © 
; floor-mounted—are supplied with a- 

PRE-INSULATED DIAMOND GRIP terminal is. 'uitialn, uot 
generator sets with from 500 to 800 kw 


a-« output. 


If you need terminals with bonded insulation—if you need Illustrated are typical twin floor 


typ 
corrosion resistance and wire-supporting vibration resistance— mounted cubicals supplied with 40 kw 
you have it instantly in one closure of A-MP’s matched crimping eee os vaglens _ ve — - 
tool. Only one lightning-quick step for crimp-sure optimum ze a Se ee oe se = 
strength and conductivity. A-MP PRrE-INSULATED DIAMOND with voltmeter, frequency meter, am 
Grip Terminals exceed the most rigid military and commercial meter, selector switch and voltage ad 
specifications just rheostat for the automatic voltag 

A-MP’s precision-engineered terminals are matched to pre- epee W +e this eG os 
cision-engineered tools that make an exact crimp every time, oo’ cig Pal as i. a 
never too little, never too much. Perfect terminations—whether ee es 7 va: ; wae a 
you need one or a million. No great operating skill necessary. Motor-generator illustrated is 2 
A-MP’s match-mated tooling does all the work and at lower ball-bearing construction with 60 cycle 
installed cost than other methods of wire termination. Wire synchronous motor and 400 cycle, 20 


range is from No. 26 to No. 10. 

To solve your wire-end problems, we maintain an international 
engineering service. 

For the full story on the A-MP PreE-INSULATED DIAMOND 
Grip line, send for our catalog. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 


A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada + England + France « Holland « Japan 
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ELECTRICAL MANUFA( 


kw generator mounted on 


a common 
shaft; operates at constant speed of 





RRL Ua BS 


THE WEW LOOK in AMP-lok 


Ce ee Pa CSUR mm UCM Ula el Mito 
connector and a simple push of the fingers. 


OU eee Ue See ea 
RUC um MLL MMM CMe Tei ie 1 Ce 


AMP-lok can be used as a safe, free-hanging multiple connector also. 


12 .CIRCUITS 


tat Melee) (Coe MCLE Mele 
of the following design features: 


Pct Cee ec 
aes] 


mre ey CU ae Meco aa 
Pr mOR Ur Ces lm lm ecg 


SE UU ee ene meer MT taf 
eC meme ie : 


ee mee ure ire 


Additional literature and samples available on request. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through Pl ae tae subsidiaries in: Canada e England e France e Holland e Japan 
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FLEXIBLE 
COUPLINGS 








Standard Duty Types 
O05 to 40 hp. ot 1750 rpm 





the 


Medium and Heavy Duty Types 
2.6 to 810 hp. at 100 rpm 





Radially 

Removal 

Types 

1.9 to 30 hp. at Flange-Mounted 
100 rpm.—2 to Types 


11 to 740 hp. ot 
900 rpm 


Put Trouble-Free Performance 
Into Your Equipment 


COMPARE THESE FEATURES: 


40 hp. ot 1800 rpm 


@ A type and size perfectly suited to 
your application. 


@ Year-after-year dependability, re- 
gardless of load or operating con- 
ditions. 


@ Completely machined for ease and 
speed of alignment. 


@ No lubrication required. 


@ Simple, rugged construction—few 
parts and no intricate mechanisms 


@ Cushioned power transmission— 
load is transmitted through 
cushioning materials—no wear on 
the metal jaws. 


@ Double-life cushions—one half tae 
cushions act as idlers, except on 
reversing loads—quick interchange 
provides a new set of cushions. 


@ Cushions are engineered to the load 
and service conditions. 


Ask Lovejoy to recom- OS > 
mend the exact flexible |*"“ “wm 
coupling for your ap- : 

plication. No obliga- | 
tion. Request catalog. 


Ua eat eae ae 


4802 WEST LAKE STREET + CHICAGO 44, ILLINOIS 
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kw generator mounted on a common 
shaft; operates at constant speed of 
1200 rpm. Kato Engineering Co., 1415 
First Ave., Mankato. Minn >551 


REINFORCED TFE 
FLUOROCARBON RESIN 


FLUOROSINT resin. a reinforced Tef- 
lon which exhibits a two to fourfold 
improvement in dimensional tolerances 
of molded parts over unmodified Tef- 
lon, has a thermal coefficient of ex- 


pansion approximately ‘5 that of Tef- 
lon 
Dimensional stability said to be 
superior to that of Teflon, both in re- 
sistance to creep or “cold flow” and in 
resistance to deformation on thermal 
cycling. May be quenched in 


from 700 


water 


with negligible change in 


dimensions 
Coethcient of expansion s close to 


that of aluminum copper brass, mag 


nesium and silver. Addition of high 
temperature iInorgank reintoreing 
igent has negligible effect on diele« 
tric strength. volume or surface re 
sistivitv. or density. Dielectric constant 
ind loss factor good. The Polymer 
Corp. of Penna., 2140 Fairmont Ave.. 
Reading. Pa >552 


MINIATURE CRYSTAL CASE 
RELAY 


Miniature 0.35 oz crystal case relay 


can withstand temperatures ol 9 


to 125 C and vibration of 2000 cps at 


20 g. Dielectric strength is 1000 volts 
rms, 750 volts rms across contact gaps 


(Continued on page 212 




















Better Dielectric Quality 
Low Cost 
UNIFORM QUALITY 


FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particles. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent. unsized 
material of great purity tor use 
principally in air, ot! and askarel 


transtormers. 


ELECTRITE—a high gerade board 
with high tensile and dielectric 
strength. l sed in a large variety 
ol pune hings and other insulat- 


ing applications. 


DENSITE 


tough board of superior quality. 


an extremely hard and 


Used by many leading manufac- 
turers of electrical equipment to 


replace more costly materials 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 


230 Park Avenue 





New York 17, N.Y 
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Designed to meet rigid military en- 








oe 





GLOBE A.C. MOTORS / GEAR REDUCERS / PACKAGES 


JUNE 


1958 


In precision miniature motors, gear reducers, and 
small-package devices using clutches, brakes, 
and other components, Globe Industries has the 
hardware to meet your requirement. From a 
single source you can get fast 2 to 4 week pro- 


totype delivery of standard units. Modular 


design, interchangeable precision parts, and an 
efficient special order department are specific, 
unique reasons why you get what you need be- 
fore your design grows cold. 


Three basic A.C. motors are shown above. 
With their integral gear reducers they reliably 
span the torque range to more than 2000 in. 
oz. Custom modifications are a specialty 

Globe motor packages were chosen for the 
Army's Jupiter C, and as you read this, at least 
one such package is circling the earth. Ask the 
largest precision miniature motor manufacturer 
first. Request the Globe A.C. Motor Catalog now 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, 
Dayton 4, Ohio. BAldwin 2-3741 
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MEASUREMENT of Rpm & Rps, Frequency, Period, 


VCC t ae et 


CALIBRATION of Transducers, Filters, Oscillators 


(Audio, Sub-Carrier), Intervalometers. 


TIMING of OC eh eee a 
i Me oe a a eee 























: Model 400 
3 Sa_ Price $695.00 


is an ERIE INSTRUMATION: 
Digital Electronic 


(Cowilly-[imuor 


FEATURING: 


® SMALL SIZE—LIGHT WEIGHT— 
19” x 3%” panel, 1642” wide, 10” deep. Weighs only 17 
pounds. 


®* LOW COST— 


The low price ($695.00) of Model 400 instrument results from 
the simplicity of circuit design. 


® WIDE RANGE OF MEASUREMENTS— 
Time intervals from 500 uS to 278 hours. Frequencies from 
1 cps to 100,000 cps. 


® ACCURACY— 
Temperature controlled crystal provides time base accuracy 
to + .001%. Resolution is + 1 count or + 10uS at 100 KC. 


® ELECTRONIC RESET— 


Eliminates troublesome mechanical relays. 


* SIMPLICITY OF DESIGN— 


Each scaler consists of one triode driver and one glow transfer 
tube only. This replaces conventional 4 dual triode, 10 neon 
tube in-line display. 


Other ERIE Digital Instruments are available from $395.00. Write for additional information. 


VILE EZ 


ERIE-PACIFIC DIiIVISIon 


ERIE RESISTOR CORPORATION 
MAIN OFFICES; ERIE, PA., U.S.A. FACTORIES: ERIE, PA. © HAWTHORNE, CALIF 
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Designed to meet rigid military en- 
vironmental specifications, relay can 
withstand shock in excess of 100 g, 
all planes, has coil resistances up to 
9000 ohms and minimum coil power; 
stud or bracket mounting with solder 
hooks or 3 in. leads. Also available 
with plug-in terminals. Wheelock Sig- 
nals, Inc., 273 Branchport Ave, Long 


Branch, N. J. ~>553 


HIGH Q THREADED FERRITE 
SLUGS 


Line of threaded ferrite slugs for per- 
meability tuning of inductors, filters 
and transformers can be used over 
range of 1 ke to several megacycles. 

Cores are designed for use where 


high Q, high permeability core is de 


sired and space is at a premium. They 


ire finding wide application for final 
adjustment of inductance of ferrite 
pot cored filters of many types 
Screw driver slot in slugs runs con 
pletely through core, permitting easy 


assembly and adjustment at either end 
All slugs furnished with self-thread- 


ing Resinite TruTork coil forms. Fer- 
roxcube ( orporation ot America, 50 E 
Bridge St.. Saugerties, N. >554 


SWITCH READOUT COUNTER 


“Neuron” high-speed electro-mechan 
ical counter has life of 300 million 
counts, offers switch readout function 
on each point of 5 digit il wheels Fe i- 
tures rates to 40 counts per sec, is 
available with either manual or elec- 
trical instantaneous pulse reset. Also 
available are models for variety of a-c 
and d-c actuation voltages. 

Intended for industrial high-vibratior 
and heavy g-load airborne ipplications, 
counter has bi-directional stepping me- 
chanism which cannot double-index 
during shock, vibration or over-voltage. 

Switch contact life 50 million op- 





ELECTRICAL MANUFACTURING 





where, how and why 






aluminum lowers costs for 


manufacturers and users of 


BUS DUCT 





. 7 
e 7 
5 : : : turers, ¢ S, util S 
and easier to change. These benefits are 5 
. . ee ; ti 
nultiplied if an all aluminum system is ta A Stee en Rake 
_s eee om : copper Dar. Doited joints easuy made 
used . mucn lighter in weight, mucn ; } : 
sees q : : ; . Can be read tinnet Ss € < 
easier to install and the added advan- ] ue: Mee oi bctcst 
Drazed. Write for complete detaus. 
. tage of a lower noise level ... very 
P 7 


important in hospitals, offices, and 
apartment installations 


eae 2 . tie The Finest Products 
r Made with Aluminum 





IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE 


Wotch Reynolds All-Family Television Program “DISNEYLAND”, ABC-TV. REYN 0 IRS & val ty INUM 


are made with 
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COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlled 
delay from 1/4 to 120 seconds 


Worth a closer look... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 
fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 
And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


BRIEF SPECS 


Time Delays: from 1/4 to 120 
seconds 







For full details, refer te Bul- : e ‘ 

letin T-5002. A copy will be hela Dimensions: 2-1/16 
x 2” x 1-9/16" 

sent on request. 


OT Tome] -)- (4k ee od 
120V AC, 1.5 amps at 240V AC 
(non-inductive load), 1 amp. at 
50V DC, 0.5 amp at 125V DC. 


See e Bi 
ELECTRIC COMPANY <> 


99 Plum St., Trenton 2, N. J. S.A 
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erations at recommended ratings. Static 
switch current capacity | amp; dy- 
namic switch current capacity 100 ma. 
\utron Engineering, Inc.. 1254 W. 6th 
St.. Los Angeles 17, Calif >555 


WOOD-FILLED UREA FOR 
WIRING DEVICES 


Wood-filled urea surpasses phenolic in 


are resistance (80 to 100 see ASTM 


are resistance vs 0 to JO. se Also 
said to cause less mold wear and to 
produce moldings which are more 


scratch-resistant 


Produces rigid moldings with hard 


| 
durable surfaces unaffected by com 





mon organic solvents, soap and borax 
oils and grease. Once molded, plastic 
will not soften under heat and will 
not support combustion 

Differs from more expensive alph 


7; | 
ind 


cellulose-filled urea molding compor 


in that filler is finely ground wood 
flour rather than bleached wood pulp 


Used for wiring devices, electrical 
components and fittings. radio cabi 
nets ind closures. said to possess 


degree of refinement and color poten 
tial unequaled by any similar molding 
compound. Barrett Div.. Allied Chem 
ical Co. 40 Rector St.. New York 6 
NS >556 


EPOXY MICACEOUS 
INSULATION 


Epoxy resin-bonded micaceous insula 
tion for use with Class B electrical 
equipment. designated “ISOMICA 
EPOXY” brand. combines SAMICA 
reconstituted mica with epoxy resin 
binders. Characterized by outstanding 
heat and chemical resistance. high ele 
trical properties, uniformity in thin se« 
tions and good mechanical strength 

Available in both rigid and flexible 
forms. Rigid forms include segment 
plate. molding plate and tubes; flexible 
forms include slot liners. sheets, tapes 
and combinations. 

Both rigid and flexible materials wit! 
resin binder fully or semi-cured. Rigid 
segment plates used in commutator as- 
sembly supplied fully cured, as are 
some flexible plates, tapes and combina- 
tions. Mica Insulator, Div. of Minne- 


ELECTRICAL MANUFACTURING 











Industrial Laminates 


from the company that really knows the electrical 
and electronics industry —General Electric 





Why exacting circuit engineers specify low-cost 
General Electric Textolite 11572 for TV wiring boards 


Paper-base laminate offers electrical properties surpassing NEMA 
XXX-P standards. It cold-punches precisely 


resists degreasing solvents . . . does not vary from part to part. 


Design engineers find inexpensive General Electric Textolite 11572 


ideal for TV and radio printed circuits. Here’s why 


e759 


General Electric Textolite 11572 combines superior m 


with high insulation resistance and low 


achinability 
wate! absorption. It’s not 
harmed by the solve nts used in the printing process Also Te xtolite’s 
properties never vary; y« 


u get uniformity in piece after piece. 


Select General Electric Textolite whenever vou need reliable structural 
insulation. Sweet’s Product Design File, Catalog 2b/Gen, gives full. 
Independent local fabricators (listed in the 


assure quick, local delivery of parts. 


concise technical data 
Yellow Pages under “Plastics” 
And our experienced Technical Service Department will help with 
special problems. For fast action, write: Laminated Products Dept., 
Section EM-86, General Electric Company Coshocton, Ohio. 
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For higher IR (250,000 megohms in humidity 
structur pecify Textolite 11570. Lik 
11572 Baan Baas tire ethereal 


Textolite 


GENERAL @@ ELECTRIC 
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PRESLOK 
PUTS THE GRIP WHERE IT COUNTS 


Exclusive locking method eliminates blade 
bowing at high speeds, cuts noise in all Lau 
blower assemblies from 9 thru 18 inches. 


Lavu’s exclusive Preslok construction puts 
a 4-finger steel grip on the center of every 
blade. This gives both center discs a posi- 
tive mechanical hold regardless of the 
Rockwell of the blade. Eliminates imperfect 
wheels, because only good wheels can be 
assembled. The results are wheels we guar- 
antee to increase operating speed maxi- 
mums at least 50°7, over previous models, 
size for size. Preslok wheels are shipped 
from factory inventory in 9 sizes from 9 
thru 18 inches. Now’s the time to check 


into Lau blowers and/or Preslok wheels! 





Circumference of both 


Two fingers on 


Blades are punched to each 





center discs is key-hole eave metal sup- “enter disc slip int< x : ~, OOF 
atapelie da to ac ein o- ort ¢ per € dail mene a aa LAU BLOWER ( OMPANY, 202% Home Ave., 
Cate PIAGE Bpersre schon 4trgpataliaan Dayton 7, Ohio. Other plants at Irwindale, 
locking position EZ =& = am 7 
California and Kitchener, Ontario. 
Here's the man to call... 


Cincinnati 30, Ohio 





Don G. Jensen 
6422 Glade Avenue 
Cleveland 24, Ohio 
Charles C. Miley 


Cranford, New Jersey 
E. C. Wolford 
11 English Village 


1561 Woodrow Avenue 


Dearborn, Michigan 

J. B. Wallace 

9 Byfield Lane 

Denver 2, Colorado 

Ben T. Clark 

1421 Court Place 
Elmwood Park 35, Hlinois 
William J. Lohrey 

2047 77th Avenue 


Kansas City 14, Missouri 
Charles L. Sigman 

8906 Holly Avenue 
Pasadena 8, California 
G. R. Mergenthaler 

495 Cliff Drive 


Seattle 55, Washington 
William M. Peistrup 
19246 Lago Place 
Syracuse, New York 
Henry Seebach 

560 Allen Street 
Prairie Village 15, Kansas York, Pennsylvania 
Victor Stewart E. F. Humphrey 

7112 Buena Vista 327 Lambeth Drive 


The BIG Wheel in air moving 
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sota Mining & Manufacturing Co.., 
Schenectady LS Powe »557 


HIGH-TEMPERATURE 
CEMENTS FOR STRAIN GAGE 
APPLICATIONS 


C527 and U529 cements are particu- 
larly suited to heat resistant steels and 
nimonic alloys and when applied to 
these materials have an operating 
range up to 790 C. Can be ipplied to 


low alloy steels, cast 1ro3on ind some 


non-ferrous materials such as_ brass, 


titanium, copper and aluminum alloys. 
Brimor 0527 is a medium hardness 
ement used where conditions of strain 


in the test component are large and are 


issociated with high-frequency vibra- 
tion. Brimor U529 has a higher bond 
strength, producing a very hard and 


tenacious cement when cured: should 


INDIUM-ARSENIDE HALL 
GENERATORS 





Complete Hall generators in diffe 
sizes for all kinds of mag i eas 
such as automatic calibratior 
helps RAYTHEON develop new 
SPACISTOR if 
amplifier 
The Spacistor, Raytheon’s new semiconductor 
amplifier, opens new horizons in missile and com- 
munications equipment design. Still in develop- 
en stems and devices, analyzing ment, the Spacistor promises to combine many 
ind gene r circuits ler advantages of transistors and vacuum tubes. 
g ind many other relate Viewed through a Bausch & Lomb Stereomicro- 
poses are now available, G. R.A scope, contact points that are normally barely 
. Sy Tongan: See, Warps om visible can be positioned with hairline accuracy. 
ae ~ cae sadn 3-D magnification shows all parts vividly, right side 
up. Long working distance permits free movement 
of hands and tools between eyepiece and stage. Dustproof, shockproof 
MOTORIZED, VARIABLE optical system, with sharp, flat images free from distortion, assures 
GEARHEAD SPEED REDUCER fatigue-free viewing throughout prolonged examination. 
Torque ratings of Zero-Max stepless poeeneans tener eerie ainaeeareen mntetenannternn-eP “ 
riahle snee educetr re available 1 
i 20 a va 120 eG SEE FOR YOURSELF! near ar i cea ea Y 


| 
iddition of reduction gearheads of MAIL COUPON FOR | 
Various ratios FREE 15-DAY TRIAL 

| 


C) I'd like to borrow a B&L Stereomicroscope 


for a 15-day trial without cost or obligation 


1 } } Send me B&L 3-D Micro-Vision Book (Cat 
Addition of reduction gearhead on 


D-15), containing valuable data, showing ac- 
tual stereo views 


BAUSCH 4& LOMB im 


output shaft boosts torque rating by 
umount of reduction gear ratio and 
reduces speed range by ratio amount. 


Available in several combinations 





. TITLE 
with output torques from 20 in.-lb to wee WD 
120 in.-lb and speeds from 0-80 to i COMPANY 
0-200 rpm. Standard motor is 48-frame, ADDRESS 
115 volt. 60 evele, 1-phase, open drip- | 
CITY ZONE STATE 
proof type. Motors for other voltages __ it il an Eats to on aoa EN se a 
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AUTOMATIC © ELEC 
| 






What can this n 


4 ype IS THE NEW HOME of Automatic Electric 
originator of the dial telephone—and pioneer 


producer ot automatic co itrol equipment. 


Walk through this magnificent new plant—and 
you'll see the world’s most modern, most complete 


facilities for making relays and stepping switches. 
ppins 


These are the vital components of remote-control 
devices used wherever automation is employed. 
This includes controls for giant milling machines 
Check-out equipment and controls for guided mis- 
siles—for computers 
boards 


stock-exchange quotation 
automatic pin-setting machines. And 


218 





ee ee ee 


w 39-acre plant 


controls for electronic equipment of all kinds. 


Built to the exacting standards of the telephone 
industry, these ultraprecision units are available 
in scores of basic types. Any electrical control need 
can be met with an almost infinite variety of coil 
and contact combinations. 

Tour this plant and you'll see the uncommon care 
we take to produce relays and switches of superior 
quality. You’ll see why Automatic Electric has 
earned the reputation “world’s highest standard.” 
You’ll see why our relays set performance records 
of 200 to 400 million operations without a failure! 


ELECTRICAL MANUFACTURING 


Fh ~~ =e 








Spacious, well-lighted working areas in this coil-winding 


department at Automatic Electric’s new plant are typl- 
cal of conditions throughout the more than one million 
square feet of floor space devoted to production 


operations. 





Filming high-speed rotary switches to study operations in 


slow motion. Basic research program of our laboratories 
extends into all areas of remote control by electronic and 
electromechanical means. Equipment includes devices 

r conducting vibration, life and environmental studies, 





and a completely equipped transistor laboratory 





miniature relays for printed circuits. New Series 


do foryou? © 


SQPC Relays fill a multitude of uses with dependability 

and long life (120 million operations or more). Features 
See, too, how our new and expanded research facil- fe ee ee nee | ee 
oe euee : contacts, “stay-put’”’ contact springs and many other 
ities and production facilities enable us to be more ; ees : er 

advantages found in all Automatic Electric Relays 


serviceable than ever before—able to meet your 
demand for quick delivery of these precision prod- 


vets in volume. 


To schedule vour visit, or obtain fur- AS 
ther information, write Automatic UTOMNATIC FLEGTRIC 
Electric Sales Corporation, Northlake, . 
Illinois. And ask for new brochure, 
“This is Automatic Electric.” It will Subsidiary of GENERAL TEL EPHONE 


give you a quick picture of our prod- 


Northlake, Illinois 


ucts and our facilities. 
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Incidentally, we 
know these are hot 
pots mechanically 
... but they‘re also 
hot for tempera- 
ture, too. Power 
derates to zero at 
165°C standard — 
225°C special. 


* Potent Pending 
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Palladium contact 


Torque spring 


insulating 
bushing 


Jewel pivot 


Now oa totally differenr 
mechanical design over 


comes limitation 








namically balanced on 


arm. Advantages: low 





, low inertia, long 
‘ 1% | 


e, .1% linearity, excep- 
| tional stability under ex- 
tremes of vibration, shock 

a and acceleration 


another result of 





A 


* 


balance" 


“Dynamic Balance” . . . it’s the very essence 

of the “1000 series” of linear and functional 
precision potentiometers. It means a new dimension 
in circuitry design! Proved operationally successful 
in a variety of military equipments even under 
severe environmental conditions, ‘*1000 series’ 

pots open the way to reliable electronic 

systems withstanding higher frequencies 

and temperatures. 

Get complete engineering data on the "1000 series” 
line. Write today. 


Division of 


kintronic 


10265 Franklin Avenue « 


Chicago Aerial tndustries, Inc. 


Franklin Park, Illinois 
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ind with totally enclosed or explosion 
Reveo In 
Minneapolis 5, 
>560 


ivailable. 
Lyndale Ave. So 


proof frames 


1900 
Mini 


ADHESIVE BONDS VITON-A 
ELASTOMER TO METALS 


bonds fluoro- 
arbon elastomer Viton A to steel, cop- 


607 adhesive 


Chemlok 
titanium, mag- 
other 
i clear, colorless liquid 


per, brass, aluminum, 


nesium, 


chrome pl ited steel and 
substrates. It is 


idhesive for bonding unvulcanized sili- 


cone and other synthetic elastomers t 
metals, fabrics and plastics of many 
types 

Viton A, developed by DuPont, is 
opolymer of hexafluoropropylene and 
vinv lidine fluoride, with exceptional 
esistance to chen ils and retention of 
strength at high temperatures 

Evaluation tests measured the bond 
strength of Chemlok 607 with Viton A 
it temperatures as high as 500 } Ad- 
hesion after both press and oven cure 
it almost every case was in excess of 
the strength of the stock. Lord Manu- 

turing Co., Special Products Div., 
1635 W I2th St Erie, Pa >561 


SENSITIVE ELECTRONIC 
SWITCH 


Model NE1LO002 switch ippli itions are 
primarily in computer feld where over- 
load irrent protection has been a 
problen 

Device has max series insertion im 
pedance of 1 milliohm and _ variable 


sensitivity range from 0.5 to 10 


Other 


amp 


continuous current ranges and 
voltage-sensitive variations from 0.5 mv 


ivailable 


LOO eps, 2 5 W 


External power ot 115 volts, 


required. Equivalent 


switch contact resistance with 300 ma 


at 0.15 ohms 


26 volts is Open cir- 





ELECTRICAI 


MANUFACTURING 


cult resistance in excess of 40 k ohms 


Switch portion will switch up to 40 
] | 











IMPACT PROBLEMS IN + 


DIFFERENT FIELDS SOLVED WI1ITEH 


Se “ee tee 






Railroad Track End Post 
made of Spaulding Vulcanized Fibre, combining 


impact strength with dielectric strength 





streng I S vers ile 
forming quality 
Lightning arrestor with Spaulding 
1 Ic 1 
\ ulcanizea Fibre B: itie — im} act stren 
- th Acolarees 





Rolling Mill Thrust 
mpact strength 
plus resistance tO Wear 


and pressure 





SPAULDING FIBRE COMPANY, INC. 


301 Wheeler Street, Tonawanda, New York 
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How You Can Cut Product Costs 


All four of the objects shown 
at left must stand up to tre- 
mendous impact forces. Yet 
each of them combines impact 
strength with other unique 
and varying properties to do 
the whole job. That's why in 
each case the manufacturer 
used a Spaulding basic 
material. 


Contact Spaulding 
when you have an application 
that calls for any or all of 
these properties: 


® great mechanical strength 
* light weight 
® durability 
® chemical inertia 
* arc resistance 
® low moisture absorption 
® dielectric strength 


® resistance to impact 


A factory-trained 
Spaulding Engineer can help 
you select the right material and 
we will produce finished parts 
to your specifications. 






OFFICES 
serve 
ALL 
INDUSTRIES 








DURAKOOL 


Tilt Switches 
are the Life of your 
Automatic Controls 
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See telephone directory for local distributor, or write. = 2 a 46 ‘ 
DURAKOOL, INC. Send for Bulletin 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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“ONE PIECE” TERMINAL BLOCKS 


(For #16 thru #6 wire—750 volts-Contacts on %” centers) 
4, 6, 8, or 12 circuits. 


Screw, thumb screw, or hinged covers 


Contacts for stripped or terminal-ended wires 


Jumper Bars available. BUCHANAN 


ELECTRICAL PRODUCTS 
CORPORATION 
M-6 MILL CIOE waow saenrserv 


Send for Bulletin 


In Cenede 302 
GASACCUMULATOR CANADA, LTD. 
12 GOWER ST., TORONTO 16, ONT 
Export . 
PHILIPS EXPORT CO. 
100 E. 42nd ST., NEW YORK, N.Y 
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iit resistance in excess of 40 k ohms 
Switch portion will switch up to 40 
volts d-c at 1 amp and is normally 
closed Ambient temperature range 
55 to 85 ¢ Lnits hermetically 
sealed with glass-to-metal headers. Unit 
shown is bolt-down type with solder 
lug Case dimensions x x 
Weight 10 oz. Networks Electroni 
Corp 14806 Oxnard St Van Nuvs 
Calif > 562 


CENTRIFUGE SLIP RING 


Centrifuge slip ring desig 
vith high voltage has gl 
circuits capable of 10 kv d-e conti 
1 was ed »( ~ | 
ri ti é 
ent olt lit 





Dual brushe ding on eacl g 
and tuned lifferent resonal 
quer s it re inter pted t 
i spl seve s kK Rated at 0 | 
I l s per All i sliy 
und shielded wir ire gh-pre 
Ided into o1 gral assemb] 
Assemblies ball-bearing 
ind sealed, can provide 10 t 
revolutions of noise-free operatior 
6000 rpm. Slip Ring Co. of America 
3612 West Jefferson Blvd.. Los Angeles 
16, Calif >563 


LIMIT SWITCHES 


Two small-size, 2-circuit limit switches 
will handle load « ipacities isually as- 
signed to much larger switches. 


Switch 1LS10 has a rod actuator and 
is field adjustable through 360 deg 
locking positively in any position. Can 
also be adjusted to operate in either or 
both directions. Head assembly can be 
positioned in any of 4 directions. Used 
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in applications requiring low force and 
i ca 








How You Can Cut Product Costs 
With Indox V Ceramic Magnets 


Experience in the design and production of Indox V, for such 
products as the loudspeaker below, points the way to sub- 
stantial savings in manufacturing costs for other products 


using permanent magnets. 


WHAT IS INDOX V 


Indox V is a highly oriented bari- powerful permanent mat 


Indox V magnets 


possess unique advantages — light 


4 


um ferrite material. Its energy is rial available 


comparable, on an equivalent weight 


basis, to that of Alnico V—the most weight, high-electrical resistivity. 


NEW INDOX V LOUDSPEAKER DESIGN... 


e Cuts magnet cost 20% © Saves 25% on weight « Reduces length 46% 


High fidelity, 


} ‘ 
use an Alnico slu s 


permanent 


lustrates hou 


with the results 1 
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INDIANA 
aD 
MAGNETS 


IN CANADA: The Indiana Steel Products Compony of Conoda Limited, Kitchener, Ontario 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





JUNE 1958 Circle 212 on page 17 





and inex 





great re 


sistance to demagnetization, 


pensive, non-critical raw 


materials — plus an energy product 
» times that of non-oriented 


cy 1enets 


APPLICATIONS 


Indox V’s excellent magnetic qual- 


ities and special properties suggest 
ige in many applications 

Ar g 
D. C. Motors of Medium Size with 
lox V fields have a high efficiency 


nd show high starting and stall 


es characteristic of series wound 


j » VW? ] ; roy 
Indox V’s total potential energy 
vhich, per pound of magnet weight, 


higher than that of 


\Inico 

Torque Dr using Indox V discs 
can be magnetized with multiple- 
pole laces. 

TI of o promising applica- 


WHO MAKES INDOX V 


Only Indiana Steel Products 
makes this oriented ceramic magnet, 
with an energy product of 3.5 mil- 
lion B.H.. And, because Indiana 
also produces Alnico and all other 
permanent magnet materials, it is 
uniquely qualified to recommend the 

best material for your design. 
You are 
Indiana’s design engineers for expert 
help on any application involving 


permanent magnets. 


invited to consult with 


SEND FOR FREE 
LITERATURE 
Write for your 

copy of the bulletin 

“Indox V Ceramic 





Permanent Mag- 


nets,”’ describing 
magnetic properties, a 


design considera- 
tions, and sizes and shapes available 
from stock for experimental work. 


Ask for Bulletin No. 18-B6. 
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in applications requiring low force and 
special lever forms. 

Switch 8LS1 has a flexible coil-spring 
actuator that permits operation from 
any direction except direct pull. Easily 


*... flexible coupling (an APEX 
universal joint) rf prepacked for operated by large, irregularly-shaped 
life at the factory...” oa: Coen. Wine’ febck 


counting applications. Switch, 


Freeport, IIL. >564 


125 C ENCAPSULATED 
CHOKES 


Epoxy-encapsulated chokes, covering 
wide range of inductances from 0.1 
wh to 200 mh, are available in variou- 
configurations. One type features a 
flat side for mounting on printed wir- 
ing boards with axial leads. Flat side 


an ae 
A 


also provides an index surface for 
automation, 

For heavier components, additional 
leads provided for mechanically se- 
curing encapsulated chokes to printed 
boards. Also available is tubular stvle 
with leads extending from one end 
and chokes which mount by two 6-32 
spade bolts. Waters Manufacturing, 
Inc.. Boston Post) Road. Wavland. 
Massachusett- >565 


HIGH SPEED, QUICK-RESET 
COUNTER 


Series 1522 counter is available with or 
without predetermining wheels, With 
predetermining feature. wheels can be 
pre-set to any number within counter’s 


capacity of 100,000; at that pre-set 
number. counter automatically knocks 
off. 

Instant re-eltting to zero 1s a matter 
of depressing reset lever through full 
60 deg are. Also. if desired. counter 


will subtract in opposite direction 





4 
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THE POTENTIOMETER 
to satisfy CHARACTERISTIC 


The Type J (Rv-4) 


The popular Type J potentiometer is designed for 


operating continuously at 70° C ambient at full 
rating of 2 watts. Control is always smooth— with- 
out abrupt resistance changes because of the solid. 


hot molded resistance element that is used. Even Triple Unit Control 


: Dual Element Control 
initially, noise characteristics are extremely low, with Plain, Short Shaft 


with 125 v Line Switch 
but actually improve with use. The Type J potenti- 


ometer is made in single . dual. and triple units with 


Various ty pes of shafts. and with a built-in line 


switch It is also furnished enc ipo 
resin. Lotal resistance alues range trom 50 ohms to 


ype J is av ail- 


able in all standard tapers. Single Unit with Short ? 
Shaft and Lock Type Bushing . 


ulated in ePOXy 


9 megohms laps ean be supplied 


Single Unit Variable 
Resistor with Long Shaft 


‘BRADLEY 
Hot Molded Composition: 
POTENTIOMETERS 


\ 
am 


oy 


This tiny potentiometer—only ) inch in diameter > o 


is designed for use where space must be conserved 


The Type G (RV-6) 


, ith 1 Li Switch 
without sacrificing performance. The solid. hot ener ey Sole Se 


molded resistor element assures long operating life, With Plain Type Bushing 

and low noise level which improves with use. Full 

rating of 14 watt at 70° C ambient. Available with 

plain or lock type bushings. and with line switch. 

The Type G can also be supplied encapsulated in 

epoxy resin. Total resistance values from 100 ohms SS 


to 5 megohms. Available in all standard tapers. Encapsulated 
With Lock Type Bushing 


When you want the ultimate in performance 


—potentiometers that not only satisfy—but Allen-Bradley Co. 


exceed—the most rigid moisture resistance and — | “2 222 W. Greenfield Ave. 
thermal cycling requirements of MIL-R-94B, pS Milwaukee 4, Wis. 
; in Canada: 


Characteristic “Y*’—insist on Allen-Bradley. 
‘ Allen-Bradley Canada Ltd., Galt, Ont. 


3-58-E 





TYPE K 


Hot Molded Composition 
Potentiometer 


Especially designed for high temperature applications, 
the Type K has ultraconservative ratings of | watt at 
125° C. 2 watts at 100° C, and 3 watts at 70° C ambient 
temperatures. [It can be operated at 150° C—under “no 
load” conditions. Thus, the Type K potentiometer far 
surpasses the requirements of characteristic “Y.” of 
MIL-R-94B. The solid. hot molded resistor element 


30 110 130 150 assures long life, smooth operation, and low “noise’’— 
AMBIENT TEMPERATURES °C ‘ : y 
particularly after long use. Identical in size and physical 


i T i ° ' Pp ° 
Comparison between Type K and Type J variable construction to the well-known Type J potentiometer, 


resistors—power ratings vs. ambient temperature. | : : ; 
Type K far exceeds the requirements of MIL-R-9 4B. Also furnished in the same types and resistance ranges. 


Rugged...Reliable! 
TYPE Hi Hot Molded 


Composition Potentiometer 


T he ‘I \ pe H variable resistor Is espn ( ially designed for 
Available with plain, applications requiring smooth control and long life— 
lock type, or watertight 
bushings. Shafts avail- 
able as plain round or ~~ : 5 a 39 
wih accawdtiver sick: contacts. making it outstanding for its low “noise 


Two types of mountings characteristics. both initially and after long use. It pro- 
furnished. One-hole, ; 


back-of-panel mount- E 7 ; 7 ; ; 
ing, ot left; or front-of- appreciable change in resistance. The Type H is rated 
panel mounting, above. 5 watts at 40° C, with a maximum continuous voltage 


in a 5-watt rating. The dual track. solid resistance ele- 


ment eliminates all moving metal-to-metal electrical 
vides an operating life of over 100.000 eveles with no 


of 750 volts. Total resistance—50 ohms to 2.5 megohms. 


For Printed Circuits 

TYPE F—Only 2 inch in diam- 
eter, yet rated Y% watt at 70° C. 
Gold plated terminals for reliable 
soldering. With slotted shafts only. 


Flat...Compact 

TYPE T—Roted 2 watt at 70°C. 
Using cover as actuator results in a 
very thin unit...ideal for miniaturized 
equipment. 100 Ohms to 5.0 megohms. 








a Oe ae ee eee) 


oe eer vr 


was 


: 














Speeds up to 6000 rpm of drive shaft 
ind 8000 counts per min are maximum 
recommended Knock-off switch cor 
nected to counter not recommended for 


more than 10 amp at 125 or 250 volts 


ic; 15 amp at 125 volts d-c; or 

imp at 250 volts d-« Standard ratio 
1 to 1. Veeder Root, Ine., Hartford 2 
Cont > 566 


EPOXY SYSTEM FOR DIP 
ENCAPSULATION 


Flectroni or electrical | ts ead 
iN psulated or ited ¢ 
re ents I i Ip ating Rand 
te term (,-02 
Res is ipplied 4 I empe 
t t i dip in this low-hod nix 
t poxy system. Resin cure car 
sined in 5 hr with virtual 
ing rain at oven temperature et 
ite extends tor more thar 1 
ré emperature Mate lis desigt 
i eld a et ing al thick 
by a single room temperature dip ap 
plic i 
R I parth larly suited for au 
ma onveyorized dipping. Mite | 
Rand Manufacturing Cory Murra 
St., Ne York 7, N. > >567 





design at neck of tongue for greater 
strength at min weight penalty; cast 
insulation with formed entry ramp fo 
snug fit over standard AN wires 
lor eoding for easy identification: 
fined “C” crimp with AMP's 
matched application tooling. AMP Inc 
Harrisburg 32. Pa. >568 


RUBBER CASTING MATERIAL 


ElastaCAST. a brand of liquid ure 
thane rubber. is a chemically-eng 
neered casting material developed for 
use in industrial parts where u 
load-bearing and long-wearing prop 
erties are critical requirements 


Continued or 













BARBER-GREENE Depends on 


Baidor Streamcooled Motors 
to Power its Asphalt Batch 


Piants & Belt Conveyors! 


Despite the most torturous use, plus 
the constant hazard of dust and dirt, 
Baldor Streamcooled Motors keep 
famous Barber-Greene equipment 
operating at top efficiency, 

day after day. 


This kind of superior performance has 
earned Baldor an enviable reputation 
among many outstanding 

heavy equipment manufacturers. 


If you have a power problem that 
demands the utmost in motor 
performance, perhaps Baldor rns 

can help you, too! £ 

=f 
te ; 
Find out why you get more with Baldor 
— write for FREE color catalog! 


BALDOR ELECTRIC COMPANY Z% 


4353 Duncan Ave. St. Lovis 10, Missouri 


Over 400 Authorized Soles & Service Distributors in U.S.A 


District Offices: Atlanta e Chicago « Cincinnati « Cleveland « Dallas « Des Moines « Detroit « Indianapolis 
Litchfield, Conn. « Los Angeles « Milwaukee « Minneapolis « New 0 ns « New York e N. Kansas City, Mo 
Oakland e Philadelphia « Portland, Ore 
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@ Non-rusting, non-corroding—weather and in- 
dustry proof, clear through! 


ie Bee bt, h1., Maa feo  sawelaes ta tana. 











BORTHIG 


INSULATING VARNISHES... 





For every need and application 


There is a Borthig Insulating Varnish specifically 
made for every O.E.M. and Motor Service Shop 
need. And, as it is made by Borthig, you know it 
is the best. 





BORTHIG BAKING 
VARNISHES 


Number K-252 Clear Synthetic Baking Varnish 
(130° C.): A modern, general purpose baking varnish 
that has proved its worth over the years to both O.E.M 
and Motor Service Shops. 


Number 3829 Epoxy Baking Varnish (155° C.): A 
conventional type, clear, thermo-setting baking varnish 
that requires no activator 


Number 3901 Epoxy Baking Varnish: A clear, quick 


baking varnish ideal, for surface applications such as 
inted cir 
printed cl 











MOLDING AND 
ENCAPSULATION 
COMPOUNDS 


AIR DRYING AND 
FINISHING TYPE 
VARNISHES 


STATOR AND 
MASKING 
COMPOUNDS 
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Number 911 Clear Epoxy Compound: Cures to a solid 
mass at room temperature by the addition of 
activator, 


an 


Number 917 Epoxy Compound (gray): Cures with 
addition of activator. Good impact strength and ther- 
mal shock characteristics 


Number 1956 Thixotropic Paste: An Epoxy Paste 
with really tenacious adhesive qualities 


Number 306 Black Synthetic Airdry and Number 356 
Clear Synthetic Airdry: Where baking facilities are 
not available or for application to shallow coils where 
deep penetration is not essential. 


Number 400 Red Insulating Varnish; Number 308 
Black Insulating Varnish and Number 301 Black Oil 
Proof Varnish: Protective coating varnishes which 
can be applied over previously treated motor and 
transformer units as additional protection. 


Number 390 Airdry Epoxy Varnish: For use where 
baking facilities are not available or not necessary. 





Number 629-A Red Stator Compound: For applica- 
tion to stator windings for protection against abrasion 


and corrosion, 


Number 613 Red Masking Compound: A special strip- 
ping compound to protect metal surfaces during the 
varnishing process. 





2g Insulating Varnishes and Com- 


pounds for special applications 


Solved Problems Are Another Product We Deliver. 


GEORGE C. BORTHIG CO., INC. 


eM LLL 


EAST RUTHERFORD 6, NEW JERSEY . 


DRAWER 115 
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Parts of unusual shapes. contours 
and sharp radii without limitations in 
size can be produced. Can be bonded to 
metal and used with or bonded to rigid 
inserts to provide inexpensive gears, 
wheels, rollers, plate ns, 

Available in standard formulations 
covering range of hardness from 62 
to 95 Shore A, has tensile strengths 
of 4200 to 7300 psi and elongation 
values of over 500 per cent even with 
hardest of these compounds Acushnet 
Process Company. New Bedford, Mass- 
achusetts > 569 


1000 F FLEXIBLE WIRE 


ey | eramatemp” flexible magnet wire 
has conservative duty rating of 1000 I 
tor continuous operation will with 
stand temperatures to (00 F for 
limited time, requires no curing 
heat treatment prior to use 

Ceramatemp’s — insulatior exhibits 
good abrasion { of} 
sistance. Its flexibilit = such that 
will not crack when wrapped around 

mandrel] ist 3 times its own d 
meter 

Nickel-clad copper conductors 
being coated in single ind hea 


thicknesses, in sizes 20 to 30 AWG 


with expanded size range expected ir 


near future. Hitemp Wires. Inc., 1200 
Shames Dr.. Westbury. N. >570 
5-BIT MAGNETIC SHIFT 
REGISTER 

Timing and driving is accomplished by 


single transistor mounted on printed 
circuit board. Outputs and inputs to 
each of the 5 bits available on socket. 

Five-bit units can he directly cas- 
caded to form shift registers of any 


length. Mounting centers between 5-bit 
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Non-rusting, non-corroding—weather and in- 
dustry proof, clear through! 


60% Lighter than lron—easier to handle. 


Smooth Inside and Out—prevent wire and 
hand skinning. 


Clean-Cut Threads—precise fit, easier 
installation. 


Non-Sparking—never any danger of fire or 
explosion. 


EXPLOSION-PROOF FITTINGS AND SWITCHES 


ras 


‘= 


ROUND FITTINGS AND COVERS 


FLUSH SWITCH FITTINGS 





VAPOR-TIGHT LIGHT FIXTURES EXPLOSION-PROOF LIGHT FIXTURES 
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ACCESSORIES SPECIAL FIXTURES 
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ELECTRIC MANUFACTURING CO. 
VANDEVENTER AND EASTON: ST. LOUIS 13, MO. 
KILLARK REPRESENTATIVES 





ATLANTA—Ernest T. Loyd, Inc., 69 Mills St., At- DALLAS—Geo. E. Anderson Co., 1901 Griffin St., MINNEAPOLIS—Harry P. Smith Co., 826-27 Andrus 
lanta 8, Georgia Dallas 2, Texas Bidg., Minneapolis 2, Minnesota 

BALTIMORE—Leo T. McCourt Co., 11 West 25th St., DENVER—Kenneth B. Schumann Co., 1073 Galapago NEW YORK CITY—W. J. Wickenheiser Co., 600 West 
Baltimore 18, Maryland St., Denver 4, Colorado 18ls¢ St., (Room 22) New York City 33, New York 
BOSTON—Electrical Agencies, Inc., 49-51 D $t., DETROIT—Riecher Electric Sales Co., 8319 Mack Ave., PHILADELPHIA—Horry G. Anschuetz Ce., 2014 Chan- 
Boston 27, Massachusetts Detroit 14, Michigan cellor St., Philadelphia 3, Pa 

BUFFALO—Eberhardt Electric Sales, 278 Johnson St., KANSAS CITY—Wm. B. Terry Organizotion, 616 W. PHOENIX—Kenneth Anderson Co. c o Mr. Melvin C. 
Buffalo, New York 26th St., Kansas City 8, Missouri Long, 422 S. 7th Ave., Phoenix, Arizona 
CHICAGO—Harry J. Kohn Electric Sales, 1528 West LINCOLN—W. C. McConkle, 2467 Park Ave., Lincoln, PITTSBURGH—Crescent Sales Co., Inc., 4830 McKnight 
Adoms St., Chicago 7, Iilinois Nebraska Rood, Pittsburgh 9, Pennsylvania 

CINCINNATI—Arthur L. Ehlers Co., 1031 Meta Drive, LOS ANGELES—Kenneth Anderson (Co., 123 South SAN FRANCISCO—F. M. Nicholas Co., 714 Harrison S$t., 
Cincinnati 37, Ohio Myers St., Los Angeles 33, Calif San Francisco, California 

CLEVELAND—Lusty-Thomson (Co., 2140 Hamilton Ave., MiILWAUKEE—Martir-Goertner Sales Inc 1108 North SEATTLE—Northwestern Agencies, Inc., 4130 First Ave., 


Cleveland 14, Ohio Third, Milwaukee 2, Wiscousin South Seattle 4, Washington 









Whenever SPACE and WEIGHT 


are at a Premium... 
SPECIFY TYPE “‘RA”’’ MOTOR CONTROLS 


Launching, guidance, tracking and service equipment 
for rockets or guided missles MUST pack the greatest 
possible performance capacity into the smallest pos- 
sible envelope. That’s why Arrow-Hart Type ‘“‘RA”’ 
Starters and Contactors have been selected for so 
many rocket and missile projects ...and so many 
other applications where space and weight savings are 
all-important. Far smaller and lighter than conven- 
tional types, Arrow-Hart ‘‘RA’’ Controls use 
advanced design with greatly improved mechanical 
efficiency to achieve superior performance and 
dependability. The medern Right Angle operating 
mechanism insures positive operation and provides 
increased resistance to unfavorable atmospheric 
conditions. 

























For ‘“‘RA”’ Data Section, write now to The Arrow-Hart 
& Hegeman Electric Company, Dept. MD, 103 Haw- 
Weight 7-\% Ibs. thorn Street, Hartford 6, Connecticut. 
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boards are only °, in. One-core per bit possible air voids in wrap. Milam Elec- mounting with positive insulation be- 
design eliminates advance current width tric Mfg. Co.. 1100 Elmwood = Ave.. tween transistor case and printed cir 


tolerance problems. Providence, R. I. >572 cuit conductors. 

Output voltages trapezoidal in shape Hemispherical feet raise Transipad 
with a min 5 psec flat top. “1” to “0 DEVICE SIMPLIFIES off the board, allowing flow ‘ learance 
ratios better than 10 to 1 at signal for solder fillets and permitting air to 





















TRANSISTOR MOUNTING 


levels of 6 volts. Other units available circulate between circuit board and 


with output pulse width controllable FRANSIPAD permits more reliable lransipad. Approved under MIL-M- 
by width of shift pulse: operate at mounting for transistors on printed cir- 18794 SDG. Milton Ross Metals Co.. 
speeds up to 200 ke. Magnetics Re- cuit boards. Designed for JETEC 30 Davisville Rd.. Bucks County, South 
search Company, Inc., 255 Grove 5St.. transistors, it is a glass-filled diallyl ampton, Pa *573 
White Plains, N.Y. ~571 phthalate wafer with 3 holes and 3 


hemispherical feet. Transistor leads 


pass through holes to circuit board MINIATURIZED RF 
MYLAR FILM COATED WITH solder connections, and transistor rests CONNECTOR 


HEAT REACTIVE RESIN directly on the Transipad. This elim- ; os ae 
inates necessity of using leads as sup- RF subminiaturized connector 146 in. 
Mylar film 0.0005 in. thick and coated ports and permits lower, more stable long by ‘32 in. hex withstands pull-out ‘ 
with a heat reactive polyester resin is strain in excess of 20 lb. May be as- 
for use as primary insulation with vari- sembled or disassembled in field with 
ous types of electrical coils. HS-50 film either pliers. wrench, pocket knife, or 
and resin coating can be heat-reac fingers. 4 


tivated when exposed to elevated tem Other advantages: captivated con 


peratures, tacts insure proper engagement with 


Advantage of material for insulating mating parts. Connector body, with 












coils is its high shrinkage character- coupling nut and clamp nut, are made 


istics in the 25 to 35 per cent range. of hex stock, allow assembly with small 
When exposed to temperatures of 85 to 
100 € the coated Mylar shrinks down 


tightly on the coil, making a skin-tight 


wrench or pliers. or again, even with 
fingers. Clamping parts, insulators and 
contacts readily assembled on cable 


wrap. When temperatures are elevated before insertion. 





to 100 or 150 C, polyester coating soft- Design prevents distortion of cable 


ens and will flow slightly to fill any insulation which might otherwise affect 
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Cleveland 14, Ohio Third, Milwaukee 2, Wiscousin 


electrical characteristics. Contacts sol 


REDESIGNED SYNCHRONOUS 
ae) ; GENERATOR 
proper electrica conductivity. Seale 


tro Corp., 610 Favette Ave.. Mama High-speed ~ Ts 
roneck. N. Y. >574 have been redesigned in single bear- 


ing units for internal combustion er 


FLEXIBLE CASTING RESIN gines. close-coupled to standard SAI 
Maraset resin No. 639. a flexible cast Ae - 


dered to center conductor of cable for 


arives i lirect mnection 
\ 
ing resin which sets at room temper n ratings fror 40 through 150 Wa 
I yg I g 
ture, is odorless, dimensionally stable 1800 rpm and 50 through 300 kw at 
with good chemi il resistance and re 10) rom the feature il mprove 
< rp hey itu Ip! 
2 ‘ S © lhere f I 
very characteristi \dheres  firt exciter located inboard of bearing to 
' plastics, metals, ceramics,  gla- ovide short g pac 
\ 
laminates and other materials whine 
Offered in a choice of 4 blends. wit Equipped with oversize grease-] 
»mmronrs A actianeeen  Witsirin at aes 
ppropriate irdener Formulas | a ricated ball bearings which eliminate 


2 used for gasketing and 


et or oil filters and sight gage 

applications: formulas 2. 3 and 4 used Rigid rolled steel yoke 1 cast iro 
to face drop hammer dies for multiple 
stamping of metal panels 

Since ill 4 formulas have high di- 
electric strength and other desirable 
electrical properties. every blend 
the epoxy compound provides rugge 
compact protection against vibratie 


and shock when used to encapsulate 


electroni products and component- 


Hermetic seal provided Is sald to be 





impervious to water ind chem als 
Marblette Corp. 37-31 Thirtieth St., 
Long Island City 1. N.Y >S75 
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SMALLEST Magnetic Starters 


Available! 


Arrow-Hart Type “‘RA”’ Motor Controls feature the advanced 
design ““Right Angle’? mechanism, with the magnet operating 
through a simple bellcrank mechanism. This provides a me- 
chanical advantage making possible a much smaller and 
lighter magnet which out-performs older, direct-acting types. 
As a result, size and weight are reduced by almost half, while 
performance, operating efficiency and dependability are 
greatly improved. Other important “‘RA”’ design features 
include extra-rugged silver cadmium alloy contacts with 
positively guided travel for perfect alignment . . . and straight- 
thru wiring for simplified circuit design. 

Arrow-Hart offers you the only complete line of smaller, 
lighter motor controls including: NEMA Sizes 0 through 5, 
in across-the-line, reversing and two-speed starters and con- 
tactors. 


Write for free 16 page booklet of Motor Control Wiring Dia- 
grams: The Arrow-Hart & Hegeman Electric Company, Dept. 
MD, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 
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AC., TING North SEATILE—Northwestern Agencies, Inc 
South Seattle 4, Washington 


y e soli ) y 
ort te t ed bearing li ind pl 
ect gainst mechani lamag 
\llis-¢ > Maz icturing ( 
1126 Ss 7 Stree \I 
Wis >576 
SHADED-POLE GEARMOTOR 
~ cS i 1- pe le of r - 
sig i ipplications requ es 
pee e. VW 
cula le for vending 
: ents d rious types 
rols. Available with 
j - = ro ty 
| g it to stop ins 
. Co e tor = eerie 4 
ju I ing torque with this 
Ge s have shaded-pole 
otors Of various stack thicknesses 
provide range of power up to 
Designed for continuous operati 
wwever. higher hp can be obtaine 


termittent dutv. Where reversir 


s re red. design permits n g 
two motors in tandem 
roug! Variation In motor stacks 
ind gear reductions. range ot speeds 
from 1 to 200 rpm and torques up to 
0) -lb 20 rpm or less can be ob 





Type “RA” Starter 
Size 3 
Weight 15-%% lbs. 


4130 First Ave., 











Bunting today covers a new area in the engineering 

and manufacture of bearings and machine parts. To the 
traditional line of Bunting Cast Bronze Bearings 

and parts is added up-to-date, soundly established 
facilities for engineering and manufacturing bearings 
and parts made of Sintered Powdered Metals. 


In an entirely new plant with the very latest 
equipment, Bunting now attains the position in the 
Sintered Powdered Metals field which it has long held 

in the field of Cast Bronze Bearings. 


A competent group of Bunting Sales 
Engineers in the field and a fully staffed 
Product Engineering Department put at 
your command, comprehensive data and 
facts based on wide experience in the 
designing and use of Cast Bronze and 


Sintered Powdered Metal Bearings and parts. 


Cf 








Write for catalogs and your 
& copy of the new 24 page Bunting 
Engineering handbook of 
Sintered Powdered products 
application. 


a Bunting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company «+ Toledo 1, Ohio «+ 


Hy 


and their composition, 
manufacture and 





Branches in Principal Cities 
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tained. Gears are lubricated for | 
von Weise Gear Co.. 9353 Watson h 


dustrial Park, St. Louis 19, Mo >577 


HIGH-TEMPERATURE WIRE 


Bronco 500 Teflon-insulated hook-up 
ind lead wire with in operating tem 
perature range tron YO to S50 ¢ 
is impervious to virtually all chem 
icals and solvents. with zero moist 
ibsorption 

Made witl silver-plated strande 
copper conductors, it is insulated wit! 


Teflon tape utilizing Bronco “Flexa 


fuse” process which increases flexibil 


ty. eliminates crackir at low tem 
peratures, permits runs of unlimited 
length. Made in AWG sizes 20, 18 
16. 14. 12 and 10 and available in all 
colors, solid and striped combinations 
Meets and exceeds requirements of 
MIL-W-16878 for Type E (600 volts 
and Type EE (1000 volts) aircraft 
wires. Inert to all chemicals and sol 
vents except molten alkali metals ar 
fluorine at high temperatures and pres 
sures. High Temperature Div., Western 
Insulated Wire Co.. 2425 | Oth St 


Los Angeles 58. Calif >578 


SILICON POWER RECTIFIER 


Diffused-junction rectifier is rated for 
continuous service at 20 amp d-c at 
max peak reverse potentials up to 400 
volts. Four of these rectifiers in a full- 
wave bridge circuit will provide power 
for a 10 hp, 230-volt d-c motor 
Specifi ally designed for d- power 


supply and magnetic amplifier applica- 





FLECTRICAL MANUFACTURING 
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sn ase ATL 


In huge prime movers...in small turbine auxiliaries 





Its performance and name are the same 


Other Outstanding 
Shell Industrial Lubricants 


Shell Tellus Oils —for closed hydraulic 


systems 

Shell Alvania Grease — multi-purpose 
industrial grease 

Shell Rimula Oils—for heavy-duty 
diesel engines 

Shell Talona R Oil 40—anti-wear crank- 


case oil for diesel locomotives 


Shell Dromus Oils—soluble cutting 
oils for high-production metal working 


Shell Macoma Oils— for extreme pres- 
sure industrial gear lubrication 


Shell Voluta Oils—for high-speed 
quenching with maximum stability 


SHELL TURBO Oil \ 
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around the world 


 iiisiianiiciiieciaiid and turbine-users’ reports 
prove that Shell Turbo Oil is outstanding in oxidation 
stability and rust protection. In addition, this oil 

now has special properties to insure adequate 
lubrication of the highly loaded gears in ship 
propulsion and industrial applications. 


Wherever your turbine equipment is installed, 
make Shell Turbo® Oil your standard recommendation. 
Shell Turbo Oil is now available to your customers in 
most foreign countries, and with it, you can be sure 
your equipment will give them the same performance 
that your domestic customers enjoy. 

For more complete information on Shell Turbo Oil, 
write Shell Oil Company, 50 West 50th Street, New 
York 20, New York, or 100 Bush Street, San 


Francisco 6, California. 
‘SHELL 
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e e e * ions requiring reliable pertormance In 
NEW high vibration-resistant §=—'"" 2% « 
With } 


low forward resistance and high 


T T reverse resistance, provides high degree 
HERMAL IME DELAY RELAY ieee ee on oe 


forn Fansteel Metallurgical Corp., 


Hseries withstands 5-500cps) °°" 


MAGNETIC DISC BRAKE 





@ For aircraft, missiles, computers, electronic 


‘ Stvle “DM” brake is spring-set 
equipment a iat 
¢ Time delays -3 to 180 seconds a Me a 1 
¢ Hermetically sealed ‘manne ack aii : 
© Fast reset lates when curre s 1 pr 
e Miniature...AC or DC duces smooth, accurate stoy g. Hig 


The H series is one of ten Curtiss-Wright Thermal 
Time Delay Relay series which includes: 


S-Snapper—single-pole, double-throw snap- 
action contacts 

IR-TR and STR — instant reset, voltage compen- 
sated 

MR and CR— double-throw contacts, fast reset, 
no contact chatter 

K-G and W—economical, low-cost 





For our new catalog, write or phone Electronics 
Division, Components Dept., Carlstadt, New - 
Jersey, GEneva 8-4000. 





ELECTRONICS DIVISION 


¢ juality material used in friction 
© od ments and large area of friction 
Ss faces results in low unit pressure I 





CORPORATION + CARLSTADT, N. J. ne Bt Sein: suctnens: peerises 
Circle 221 on page 17 low engagement velocity, preve! 
overheating 
| TT im Iwao 





Brake is released by energizing ma 
[2 ©) net, which causes pressure plates to 
-__ | fi 
| _— part and allow friction linings to 
| 
or freely. Shaft of motor or other n 
eec i 1 


erv controlled by brake is keved 


from our rectly to operating elements 
Wound I 


for d-c operation only 


fiom = 
STOCK 


Torque easily adjusted by rotatin 
torque adjusting ring. Adjustment 
lir ing wear made by rotating wear 


istment plate. Furnished in semi-o 


tv pe construction Stearns Elect 
° ’ aa a “i 6 aaa EE 
W ise 
RU Cm) yore 7 


Cosmo molding methods produce nylon bobbins and washers to TRANSISTORIZED STATIC 
come came e otic tO meme me TMs es (mec Me Mat tel Ay INVERTER 
of shapes and sizes carried in stock for immediate shipment. 


\Mlodel M-977 contains no I I 


Among the many features found in Cosmo “zytel’’ Nylon \ 


COE eee Se Oe a ee rt || - at eo a 
ee CCM de Cities a ee a 

RR ee mea list 
¢ Rated for use up to 250°F + Good dielectric strength. 


operates trom i £0 J vot a-t 


Investigate the benefits—savings . . . increased production speed 
elimination of rejects with Cosmo Nylon Bobbins. 
We Welcome Your Inquiry. 





3239 WEST 14 STREET + TOwe8r 1-5597 * CLEVELAND 98, OHIO 
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JUNE 1958 


FOR OVER 44 YEAR! 





The AUTOMOTIVE INDUSTRY has 
depended upon the RELIABILITY of 


@ FANSTEEL 


*< 


ELECTRICAL 





ay hy Can 


When electrical contacts fail, motors fail. That’s 
why the automotive engineer considers contacts 
far more than mere hardware. And that’s why, 
too, he has relied upon the dependability of 
Fansteel electrical contacts since 1914 
Fansteel metallurgists and engineers have 
worked hand-in-hand with the design engineer 


in developing contacts of the right material and 
proper design at the lowest possible cost for 
automobiles from the early runabouts down to 
today’s powerful sport cars. Whether it’s for di- 
rectional signals, horns or one of the other many 
automotive applications, Fansteel contacts 
keep them working longer at peak efficiency. 


HOW TO PUT FANSTEEL’S EXPERIENCE TO WORK FOR YOU 


Whether you manufacture automobiles or not, 
this kind of experience can save you time, money 
while helping you develop the best contact for 
the job.... If you are now in the development 


stage on new models or new products, now is 
the time to call on Fansteel engineers and 
metallurgists. By starting early, we can help 


you get better contacts at lowest over-all costs. 


Call Us In On the Job You’re Working On Now 


FANSTEEL METALLURGICAL CORPORATION, NORTH CHICAGO, ILLINOIS, U.S.A. 
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TUBULAR 
RIVET 


TIME 
TO LOOK 
AT COSTS 


You need the answers to such questions as: 


Can a TUBULAR RIVET replace a solid rivet, scre 


pi 





\ or bolt and thereby accelerate production? 
\ Would a SPLIT RIVET with a decorative head improve 
\  SELE-PIERCING product appeal? 
River Should a SELF-PIERCING RIVET be used and 
4 eliminate a lling operation? 
| N Can oa cold headed part such as a SHOULDER RIVET 


serve as a fastener and also provide a bearing surface? 


Would a TAPPED RIVET, made to receive a 
screwed-on assembly, simplify field service? 
These are typical questions asked of 

Chicago Rivet engineers because keen 
competition today makes necessary 
re-examination of production methods. 
SHOULDER No matter how complex or how simple your 
‘in NY fastening problem may seem to be, get the 

\ cost saving advice that Chicago Rivet 
engineers can give. Send blueprint or 
sample assembly—no obligation. 


There ore ucuge Viwet Machines that will set 

‘fad 40000 

NV} 299 Sameer | 
3702 ego | 


“\ 





TAPPED 
RIVET 


Tubular or Split Rivets At a Time 





Kewet MACHINE CO. cir ‘i 


948 S. 25th Ave. - Bellwood, Ill. (Chicago Suburb) - Branch Factory: Tyrone, Pa. 
FOR YOUR FILES—Rivet catalog describing 1388 stand "STS 
ard tubular and split rivets and 26 single and multiple 
automatic rivet setters — 
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150 volts d-« > per cent at 140 ma; 
6.5 volts a-c +0.5 per cent at 2.1 amp, 
LOO eps 5 per cent (100 psec rise 
time); and —221!% volts d-c +10 per 
cent at 50 pamp. 

Inverter has load regulation of +3 
per cent and ripple of 0.1 per cent 
rms. Efficiency at full load 85 per cent 
and operating temperature range —54 
to +71 C. 

Dimensions 3 in. wide x 4 in. long x 
1 in. deep: weight 2%, lb max. Built 
to meet environmental requirements of 
Specification MIL-E-5272, operating 
altitude up to 50,000 ft. Perkin En- 
gineering Corp., 343 Kansas St., El 
Segundo. Calif. >581 


S-BAND RADAR FERRITE 
ISOLATOR 


Miniaturized ferrite isolator rated at 5 
megawatts tor large S-band radars 
permits only one-way flow of power, 
reflections irom load mis- 
matches. Device is 6 in. lor or half 
the length of previous wate! 


blocks 


cooled de- 





signs of lesser power rating. Diam is 


By effecting a min 10 db one-way 
isolation in transmission wave-guide, 
isolator protects high-power tubes from 
load mismatches, eliminates frequency 
and power variations due to changing 
load impedances Introduces less than 
0.3 db insertion loss in line. Power 
ratings: 5 megawatts peak and 5 kw 
average over frequency band 2.7 
2.9 kme. 
Electronics Div., Sperry Gyroscope Co., 


Great Neck, N. Y. >582 


to 
Input vswr 1.10. Microwave 


SINGLE-PHASE CAPACITOR 
MOTORS 


Line of heavy-duty capacitor-start in- 
duction run single-phase integral horse- 
power motors (Type WCZK) are de- 
signed to provide high starting torque 
and operating efficiency. 

For starting, motors use top-quality 


Circle 225 on page 17> 


Pc 








20 times 


as many relays 


<<. 






m0 


CLARE 

a7 ea RELAY OF 

i we) EARLIER DESIGN 
10% cu. in. 31% cu. in. 





These twenty Clare Type F Modular Relays, 
mounted on a printed-circuit board, take less 
FICATIONS: than a third of the space occupied by 

: one a hermetically sealed relay of earlier design— 
era a relay in wide use a few short years ago. 


SPECI 


Clare Type F Modular Relays can be mounted 
in a closely restricted space—wherever the user 
desires—on a board punched at 2/10 inch 
intervals in a-grid pattern. 


This new hermetically sealed relay—no bigger 
than a postage stamp—is fast and more than 
moderately sensitive, yet stalwart enough to 
withstand extremes of temperature, heavy shock, 
and severe vibration. 


Send for Bulletin 124 today. Write: C.P. Clare & Co., 3101 Pratt 
Bivd., Chicago 45, Illinois. in Canada: C.P. Clare Canada Ltd., 
2700 Jane Street, Toronto 15. Cable Address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 










































2-POLE 

SHADED 
POLE 

MOTOR 


Model H 
1/550 H.P. 
to 
1/50 H.P. 


. WA 


WANN 


AN 


\ 


Designed andConstructed | 
with Features That Insure 


EXTRA YEARS 
OF SERVICE 


When exceptionally long service is 
a must, you can rely on Gi’s new 
Model H, 2-pole, shaded-pole mo- 
tor. The Model H is constructed with 
many outstanding features that as- 
sure thousands of extra hours of 
service under 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs hold 
considerably more oil and wicking as- 
suring more efficient lubrication over 
@ much longer period of time 


Revolutionary Method 
of Packing the Oil Wicking 
A unique new method of packing the 
oil wicking assures equal oil distribu 
tion at all times resulting in quieter 
operation and longer, trouble free life 


the most adverse 
Operating conditions. Available in 
nine models that cover 
range of applications. 


a wide 


DIE-CAST BEARING BRACKET . .. this new 


““H" Motor design includes a rugged die-cast bearing 
bracket that insures permanent precision alignment 
and adds to the over-all durability. 






DEPT. GL e ELYRIA, OHIO 
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capacitors of dry electrolytic 





type de 


signed for maximum starting torque 


When 


motor gains speed. rugged centrifugal 


with minimum current 


usage. 


switch cuts out capacitors for straight 


induction run. Switch has over-size 


snap-action contacts that are easy to 
reach through access cover and can be 


replaced without dist irbing any 


Available 


parts 
» hp at 1200 
rpm: | to 3 hp at 1800 rpm: 135 to 
5 hp at 3600 rpm. Fairbanks. Morse 
& Co Michigan Ave.. Chicago 
5, Ill >583 


Rena , ae 
rom , to | 


fit) So 


PRINTED CIRCUIT PULSE 
TRANSFORMER 


[vpe BA pulse transformer has 


nelude all feature 


designed 


quired for peru ted circuit ipplicatic n- 


Plug-in terminals are arranged on 0.] 


in. multiple grid printed circuit board 
keved tor easy 


sertion with automatic 


spacing. Units are 


machinery 


Four feet provide board clearance 


and eliminate condensation problems 


Epoxy encapsulated standard pulse 
transformers and toroids in the plastic 
BA case meet applicable sections of 
MIL-T-27A and 21038. Overall dimen- 
6 in. sq. }% in. high, 14 in. pins 
Polyphase Instrument Ce... East 4th 


ss Bridgeport. Pa >584 


sions *""4 


ZERO ADJUSTABLE BELLOWS 
COUPLING 

Type T9 
coupling 


bellows 
precision ad- 
shafts of 


zero adjustable 


design allows 


justment on sensitive servo 


ELECTRICAL MANUFACTURIN( 


SOLUTION 








aeHReeeHEEEHEHEHeEEEEEEEBEHeEeEEBH ES S&S 
FOR A MIRROR BRIGHT FINISH 
“*SILVA-BRITE’’ SILVER PLATING PROCESS Provides hard, 
bright, highly-ductile finish in stable deposits from flash to heavy. 
Water-clear solution enables plater to watch process; parts 

PY tale. falling into tank may be recovered without contamination 
PLATINUM Uniformly good results with current densities from 10 to 

& SILVER 40 amperes per square foot; operation and control are non- 
DIVISION critical, economical. Filtration through activated carbon removes 
organic contaminants; no purification downtime. Excellent 
throwing power, less tendency toward bath decomposition or 


fumes. Write for technical bulletin 


21 
vv! 


American Platinum &% Silver Division, 2 





New Jersey Railroad 
Avenue, Newark 5, N. J. 


7 
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paeeRpemREEeEeEEHEEEBEHeEEEEEEESEE 
[ FOR CONTROLLING TEMPERATURE 


THERMOMETAL* . . . for use in electrical appliances, thermal 
cutouts, heating controls . . . in any application involving the 
indication and accurate control of temperatures, 

rae Wa eet] electrical currents, voltages, etc. Supplied in strip form, 
este 5 rolled and slit to close tolerances and tempered to meet 
hahahah specifications. Also supplied as elements and sub-assemblies, 
with or without contacts attached, fabricated in accordance 
with specifications 


H. A. Wilson Division 





Bam@eEEHReaEeeeeeeeeEeEeEeEeEEaEEe & & 
FOR PURIFYING AND PURIDRYING 


DEOXO* PURIFIER . . . provides low-cost catalytic purification 


3 10 COs? Corory f 


of hydrogen and other gases fo the extent of less than 
one part oxygen per million. Requires no operating expense 
no maintenance, no reactivation, no auxiliary heating 


no water cooler. DEOXO* DUAL PURIDRYER. . . combines 


continuously-operating, dual tower, automatically-run drying 





unit with the features of Deoxo Purifier—catalytically 


produces pure, dry hydrogen, so pure it contains less than 











one part oxygen per million, so dry that it has a dew point 
of better than —100° F. 
Chemical Division, 113 Astor Street, Newark 2, N. J. 
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113 ASTOR STREET 
NEWARK 2, 
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THERE THEY GO! 


ANOTHER ORDER 
FOR 


TOLEDO 


COMMUTATORS 
AND COLLECTOR 


RINGS 
Li 
















® OW THE 


=~ WAY! 


You get fast action on 


a 


your order because we 

know we con sove you 
money by delivering quality 
C y by ce e g quc 


commutetors and collector ring 


in o hurry! Our extensive 


tooling facilities enable us to 
turn out special orders, samples or 


repair jobs promptly. Only the 
finest materials go into our 
products quality controlled and 
inspected to insure uniform 


perfection in each commutator 





collector ring no motter 


how many you order 


For quality commutators 


Commutator C 
Lge SPOS ey. 

.° . 
a Write today for A 
- Catalog #65. . 

* ye 





CCI 


commutator co. 


Sem Mme L 
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motors, resolvers and synchros. It also 
is designed for 360 deg continual ro- 
tation and adjustment. 

Range of adaptability is for four 


basic shaft sizes—!x to 1.x. to 


t 


to 14 and 0.1200 to 1.—and can be 
applied on pin and clamp-type hubs. 
Made entirely of stainless steel. PIC 
Design Corp., Sub. of Benrus Watch 
Co.. Ine., 477 Atlantic Ave., East Rock- 
away. N. Y. >585 


RANDOM ACCESS MEMORY 


Storage of up to 10 million bits with 
an average access time of less than 
I sec is provided by Model 3270 
miniature random access memory. 


MINIRAM consists of a tape trans- 


port mechanism’ with  transistorized 


drive and programming circuitry. Each 
of 2 reels on transport contains ap- 
proximately 35 ft of 1 in. tape which, 
starting from center of tape, can be 
swept past head in either direction in 
less than 14° se Direction is de- 


ermined by input programming: at 





j 


end of tape a pre-programmed 50 milli- 


sec stop is Inserted, after which tape 
travel is reversed. 
Lnit can be programmed to return 
center of tape after each “look up” 
an be stopped at end of tape or 
point desired. Average access time 


to stored intormation 1s 2 sec. Potter 
Instrument Company. Inc.. Sunnyside 
Blvd... Plainview. L. I. N. Y. >586 


HOLLOW SHAFT WORM 
MOTOREDUCER 


Right-angle Motoreducer features hol- 
low shaft to permit direct coupling to 
equipment merely by inserting drive 
shaft of machine. No other mounting 


aA MWIWVITES e MINITTTEES 


SOLUTION 
TO A PRINTED 
CIRCUIT DESIGN 
PROBLEM 


Microdot printed circuit to 
coax connectors are available 
to mate any of the standard 
Microdot micro-miniature 
coaxial fittings. Designed with 
“long” or “short” mounting 
pins to fit standard .100” grid 
pattern on panels 1/16” to 
3/16” thick. Available in 50, 
70 and 93 ohm for quick, easy 
connect and disconnect—screw 
or slide-on style, in straight or 
right angle types. Proven in 
commercial and military appli- 
cations. Immediate delivery. 


=~ /OO-»—-_/00 
Saaces. | 4 






Write for 
BULLETIN 44A 


“THINK SMALL— 
THINK MICRODOT” 


Our sales engineers are located in all 
major cities to readily assist you in 
special design and standard applica- 
tions. ‘‘Think Small—Think Microdot.’’ 


MICRODOT, INC. 
220 PASADENA AVENUE 
SO. PASADENA, CALIFORNIA 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 






EIGHTEEN TRANSDUCTORS 
LED THE BIG PARADE! 


Some strip-plating friends of ours had to control 
currents flowing to eighteen anodes. To regulate the 


} ) 


+ 


they had to sum the individual 
large (up to 7500 amperes d-c) currents, without 


lating thickness, 





ee interfering with the accurate metering of each one 

LZ individually. Were they ever pleased to find that each 
of their eighteen CONTROL transductors (which 
never wear out) would eliminate special metering, 
and would also drive a heavy duty overload relay... 

- contribute its share of power to an a-c totalizing 
° S , . . 

s ° . + ’ + > “> . 
transformer ...and permit instrumentation currents 
to be carried great dist es to switchboard panels 
with proper safety isolation and no loss of accuracy. 

/ os -3 77 . y ° 
] é anted é n- 

7 . i nes rx? 
f tion, that the wa th shunts, too! Need 
? le ta 
Truth is there are people who think we a1 ng rs’? when w 
! g ! ( ! Tisn't Our CONTROL tran rs are simp] 
s rable r rs WV | never need maintenance. We « e 
Ortr Y res ly ey Ss pr 1 Y i t ir. WI ry 
want to mea re, through them (g g us, esse ne-tur 
control nding). Don’t even have make ! n 
‘ n vith ¢ gh outp r instr I i pler le 
for fee k control. T7 at 0 
at? W) ? 
( fn 
One of the fine technical magazines in which this Journal appears recently 
did a survey on reliability. They wrot 1 asked how long our CONTROL 
transductors would last under certain conditions. It was sort of embarras- 
sing. How can you run a life test on something that won’t wear out? You 
see, our transductors have no moving parts, no filaments to burn out, noth- 
ing rey r mail n. Bury tk gy r ins em in the 
cor} e nosphere of a chlorn makes no difference. We told 
the editor what our p1 I s Hmmmm, I sé Now we're 
° % 1+ + + * } ] 
‘ waiting see what Sg g s remarkable step forward 
in reliat y. If Or 1 } 
‘¢{ 
An 
° 





Reliability begins with CoCo TD ECOL. 
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KEEP UP-TO-DATE ON MAGNETICS 








4 MINUTES 8 MINUTES 



















350° 
— 
° 
> 
So 
a a 
320° 
arrangement required except torque 
arm which serves a simple “anchor.” 
Advantages include elimination of 
mechanical couplings. belt) or chain 
280° drives, and mounting brackets 
flanges. Can be mounted in limited 
spaces, in almost any position——-side, 
overhead, vertical—shaft up or down 
Available with standard single-speed 
motors, Or in various “power package <” 
incorporating magnetic brake-. slip 
240° , . . | ring, 2-speed and fluid shaft drive 
motors Horsepower range tro ) 
through 2 hp, with 13 gear reduction 
ratios from 18 rpm through 250 rp 
Hollow shaft precision-bored — tull 
length. with keyway Reuland Elect 
Co., Alhambra, Calif > 587 
206 
LOW POWER X-BAND 
The curves at the left, show the rate of ISOLATOR 
temperature rise of a 1/6 hp shaded pole : o1 bic oe) cold 
Model W668-1LA-2- Sees ld 
motor on a locked rotor test under dif- ao 
ferent voltage conditions. A motor isolator consists of rectanpu 
designed to operate at a nominal voltage gud hope y 
t60- of 115, but installed on a circuit where erse fel , 
voltage fluctuates to 140 volts or more, } eR 
will often be subject to temperatures ee a 
which may char insulation, enamel and ; , 
lead to short circuiting and burnout. 
| 
| 
| 
126 | 
| 
i With a Mighty Mite Thermal Protector 
inserted in the stator lamination slots, 
full protection and safety is assured. 
When motor overheats, due to over-volt- 
; age, over-load and lack of windage beyond 
88 the safe limits of the insulation, the motor 
winding circuit is automatically opened. 
When temperature has been reduced to 
safe operating level, the Mighty Mite 
automatically closes the winding circuit. 
If you make motor driven appliances or min. and insertion loss of only 0.4 db 
devices, insist that your supplier furnish max. 
you with Mighty Mite protected motors. Other features: input vswr of 1.10 
For further information write. NEW MODEL 80 —— max (8.5-9.6 kme) with peak power at 
With Clip-on 300 kw nom and temperature ambient 
Terminals 65 to +125 C: size 1.400 in. deep x 
We x Vy > 249 Qeoe:: i K 
| overall 2.0%) IN. high X £.0/0 In, Wide ear- 
ta, fott Co... Microwave Div., 14844 Oxnard 
ty M St., Van Nuys, Calif. >588 
S p cP, 
. x 
ee Ue) iGH-TEMPERATURE JACK 
RE eA gE “ High-temperature test jack utilizing 
"a 211 ASH ST. © AKRON, OHIO lefion insulation is designed for use at 
242 Circle 233 on page 17 ELECTRICAL MANUFACTURING 





TARTITAPRE «6 Component Density | 


KEEP UP-TO-DATE ON MAGNETICS 





. 
= * 
See the air-gap on this new 
/ [ ti f iniaturization 

. Look at the air-gaps on this new performance-guaran in being able to order any quantity, prototype or pro 

teed lamination we have developed and are stocking duction, directly from stock 

*. 187" > g ‘ > | 7 , . 

the FI : — _ 54P - *¢ eG ——" sioabee ae lL here’s more detaile d information on this new membe1 

oF lem sane irmamadadreag ded, because it prevents d- of Magnetics, Inc. family of ‘““Performance-Guaranteed’ 
. saturation of the stacked core. 


laminations—and all of our other standard laminations 
The F-187 “46” wide center leg is designed for minia Just write—Maenetics, Inc., De pt. EM-49. Butler, Pa 
turized filter circuits for communication applications 


It is ideal for carrier equipment, and can be used most 
successfully for microwave, computer O1 othe applica 
tions where frequency control is critical. 


Being an “F” shape, the new standard stacks more easily MAGHRETICS ine 
than EI-187, and thus offers welcome savings on the ' 
production line. There can be advantages to you, too, 
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Component Density 
221,000 per cubic foot 
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vs. 55,000 per cu. ft. 
with conventional 


components 





ACTUAL 





This complex circuit is produced in its entirety in the unit 
shown here actual size. This almost unbelievable component 
density is achieved routinely by Centralab. The same basic com- 
ponent/cu. ft. ratio can be maintained where larger or smaller 
numbers of resistors and capacitors are involved. Centralab 
circuits are your most sensible way to achieve ultra- 
miniaturization with superior reliability. You gain many other 
advantages by using <feC>‘circuits in your equipment design. 


@ Reduces assembly costs and weight 
e@ Eliminates wiring errors and testing 
e Simplifies inventory and purchasing procedures 


@ Frequently costs less than individual components 


A <€eC>‘circuit can be designed to incorporate capacitors 
(printed or attached), resistors (fixed or variable) plus inductors, 
sockets and other components. They are supplied with plug-in 
terminals for printed wiring or wire leads for metal chassis. 
For the best solution to your miniaturization and assembly 
problems, contact Centralab’s packaged circuit engineers now 

. or write for Bulletin 42-227 containing detailed design 
information. 


& -  . By s A DIVISION OF GLOBE-UNION, INC. 

4 3 / 962F E. KEEFE AVE. © MILWAUKEE 1, WIS. 

, g* : ’ In Canada: 804 Mt. Pleasant Rd. © Toronto, Ontario 
*Trademark ~~" ® Y-5831 


VARIABLE RESISTORS @© SWITCHES @© PACKAGED ELECTRONIC CIRCUITS 
CERAMIC CAPACITORS @ ENGINEERED CERAMICS © SEMI-CONDUCTOR PRODUCTS 
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temperatures from 100 F to 500 F. 
Available with either spade or turret- 
type solder terminals 

Features beryllium copper spring-pin 
contact which is inverted to provide 
extra smooth insertion and firm seating 
of a standard 0.080 test prod. Solder 


terminal is silver-plated with gold wash ; ° 
for fast. strong solder connections. Con- 
forms to requirements of MIL STD 
242A (Ships). Raytheon Manufactur- 
ing Co., Waltham, Mass >589 ° , 


TRANSISTORIZED TIME 
DELAY RELAYS 


Units are all-electronic, utilizing tran- 
sistors and RC time-constant circuit 
elements. All moving parts except re- 
lay contacts have been eliminated 
Applications: aircraft instruments 
and controls; navigation and guidance 
systems; computers; motor controllers; 


communications equipment 





Design and performance charactet 
istics include: time delay periods 
0.01 to 60 sec; timing accuracy 10 
per cent of nominal delay period; con 
tact arrangements l-pole, double ‘ 
throw. SPDT 10 amp resistive, o 
3PDT 10 amp resistive; contact life 
100.000 cycles min.; ambient tempera- 
ture 55 to 125 C: shock resistance 
50 g’s for 11 millisec; input voltage 


nominal 28 volts d-c. Tempo Instru 
ment Inc.. 240 Old Country Rd.. Hicks 
ville, N. Y. >590 


CONTACT-MAKING RELAY 
A-C Sensitrol relay Model 1094 de 


flects in proportion to true rms of im- 
pressed current or voltage. Offered 


ELECTRICAL MANUFACTURING 





Fractional Hp brushes need evaluation ? 
| 


| TESTING LABORATORY 






5 
o 
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NATIONAL CARBON’S testing laboratory 


can help improve your small motor performance! 





Selection of brush grades for are constantly testing all sizes and grades of small 
fractional horsepower mo- brushes, solving customer's fractional horsepower 
e tors is not easy. Often, ex- brush problems, and perfecting new designs for longer 
haustive tests are necessary brush life and minimum commutator wear. 
to assure efficient motor per- For details on how you can have brush tests con- 
. TESTING LABORATORY = formance in actual service. ducted on your equipment, call your “National” Car- 
National Carbon Company offers expanded labora- bon Brush Man today, or write National Carbon 
tory facilities for the scientific selection of fractional Company, Division of Union Carbide Corporation, 
horsepower brush grades. Here, skilled technicians 30 East 42nd Street, New York 17, N. Y. 


“National”, ""N"’ and Shield Device, and "Union Carbide" are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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in current or volt ige ranges elav cde 
signed for applications in ove ind 
under-current or voltag ontreo ind 
' 
aiarm 

Pv pic il list onitoring hiame. 
voltages as in over-voltage ilal 
When used in conjunction with ad 
ible ratio current transformer 


vide contact closure at Iesired load 
current for machine. tools 


Normally adjusted — for 


quencies of 25-125 eveles ilso 


ible for either 400°) or 800 
Standard range 5 amp. with volt 


ranges trom 6 to 300 olt- 






ranges from 3 ma to 5 amp. West 
Instruments. Div. of Daystror | 
614 Frelinghuysen Ave Newark 


HERMETICALLY SEALED 
VARIABLE DELAY LINE 





This special filament transformer has 400 cycles with 4 secondaries, 
10 volts, 100 Amperes. Each secondary can be mounted in parallel series 
or series parallel. The extremely close tolerance between 


secondary potentials under load is of extreme importance in this design 


The filament transformer, a new member of the well-known family of NWL 
custom-built Transformers, is made to fit the particular needs of the user. 
Each Nothelfer transformer is individually tested for core loss, polarity, 
voltage, corona, insulation breakdown and aging characteristics and 

must meet all customer's requirements before shipment. We shall be 


glad to receive your specifications and quote you accordingly. 


ESTABLISHED 1920 


ery 


=~ 
NEMA} 
SS SAY: NO-TEL—FER 





ROTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EM6, Trenton, NW. J. 


(Specialists in custom-building 
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with delay of 1.6 psec: and 1000 ohms 
with delay of 1.0 psec 

Lnits are hermetically sealed by an 
“QO” ring sealed shaft, measure 3 in 


thick Molded ot 


resin, they are mounted the 


in diam and %4 in 
phenolic 
same as a standard potentiometer and 
have a knob type or screwdriver-adjust 
control shaft that may be locked at any 
setting. PCA Electronics Ine... 16799 


Schoenborn St.. Sepulveda, Calif. -»>592 


Continued on page 24 
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ESCO motors drive 20-ton super radar 


for terrier missile system! 


This extremely accurate, long-range radar provides amazingly 
advanced defense against supersonic assault from the air. 
Developed by Sperry Gyroscope Co. for the Navy, it spots and 
plots the course of distant invaders many miles beyond the 
horizon. Then in a matter of seconds, it directs the Terrier 
missile onto the target and relentlessly zeros it in for the kill. 


Two stories high and weighing more than 20 tons, almost half 
this massive system swings in motor-driven gimbals. Sperry 
chose ESCO for specially designed motors for the elevation, 
traverse and main drives (shown below), as well as for power- 
driven doors, and other special applications. In all, over a dozen 
types of ESCO motors in fractional to 40 hp sizes were designed 
and built to meet special needs throughout the system. 










For solving drive problems such as this, ESCO offers invaluable 
‘ engineering and manufacturing help, with over 40 years 
experience designing and building nearly every type of special 
purpose rotating electrical equipment. Write for design and 
brochure on motors, generators and motor-generators. 


ELECTRIG SPECIALTY CO. 


171 South Street, Stamford, Conn. 
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prime source 
for molded parts 


For three good reasons, Kurz-Kasch is 


a prime source for molded thermoset- 
ting plastic parts. First: money-saving 
experience. The parts shown illustrate 
our breadth of experience and capacity 
for handling difficult jobs. Second: 
money-saving tooling. We design tools 


f) 7 ae and dies for best long-run production 
fo eh is | economy. Third: money-saving deliv- 
= 2 At eries. You get believable promise dates 

7 /\\ . . 
F bea 17)) j and your parts arrive on schedule. Call 
( J ; 
we eo ; 
: ae fs |S] your nearest representative for a quote 
i ae : 
Jf 4) Ne“ ss on your next job. 
V \ ~ - 
— i / - 
5‘ ~ Z “ey af 
Oo (> 1. impeller housing. 2. rocker ring. 3. stereo viewer 
cy peor 4. fuse nose. §S. appliance handle. 6. and 7. knob 

we AO. 42 8. and 9. terminal boards. 10., 424., and 12. 

{7 a. miniaturized parts. 4&3. organ key. 44. terminal 
ae \ on board 1S. spinning reel handle 13. valve ner 
Wu “a0 17. fuse nose. 48. organ key. 29. blower whee 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass.; Walker 2-0065; Atlanta, Cedar 7-5516; 
ago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadelphia, Hilitop 6-6472; Dallas, Lakeside 6-523 


2 
Pasadena, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 
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HIGH PRESSURES, SPEEDS 
IN AIRCRAFT BLOWER 


MSA 7861 aircraft blower will deliver 
175 cfm of air against operating pres- 
sure of 16 in. of water: can be used in 
temperature range 75 F to 160 F. 

electronic 


Cooling — of equipment, 


cabin pressurizing and windshield de- 





frosting are typical applications; meets 
environmental specifications of MIL-E- 
5272A. 

Totally enclosed. explosion-proof 1.2 
hp motor furnished with unit operates 
with 4-pin connector on 200-volt, 400- 
cps system at speeds up to 11,000 rpm 
Weighs 8 lb; occupies less than 8 x 8 x 
9 in. Air Impeller Div., The Torrington 
Manufacturing Co., 70 Franklin St., 


Torringtor Conn. >593 


ONE PART, FIRE-RETARDANT 
CASTING RESIN 


Stycast 2980 epoxide casting resin and 
ly 


y as sup- 


impregnant is used direct 
plied; no addition of curing agent 
required. Cure effected at moderate 
temperatures. 

Can be used trom 70 to LOO | 
Even large metal objects, e.g. trans- 
formers. can be impregnated and em- 
bedded in the material. No cracking 
evident on severe temperature cycling. 

Resin is self-extinguishing after ap- 
plication of flame. Insulation resistance 
is 10'* ohm-cm at room temperature 
and remains above 10!) ohm-cm at 
100 F. Emerson & Cuming. Inc.. 869 
Washington St.. Canton, Mass. >594 








aie 
A EXPERIENCE... 
S us ao 


4 
Ss 











C 






——\ 
jeo2 _ plus 
g rivers a 


costae THOMSON 
\\ \ CONTACTS | 





Bisctrical Contacts Division 


GP wwoson L. THOMSON MFG. CO., WALTHAM 54, MASS. 


Since 1885 
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WATERPROOF 
MOLDED COILS 


ae” 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 





The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 





Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 





Write Dept. E For 
Details 


DELUXE COILS, INC. 
Post Office Box 364 « Wabash, 
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ed 
INJECTION MOLDING TECHNIQUES 
OFFER WIDE FLEXIBILITY 
AT IMPORTANT SAVINGS! 
Gries’ tiny thermoplastic parts meet sim- 
ple or intricate specifications precisely 
uniformly, and economically. We mold 
all thermoplastics! Nylon, Kel-F, ace- 


tates, polystyrene, polyethylene, etc 
Quantities of 25,000 to millions 


SMALL PLASTIC PARTS 


NYLON A_ SPECIALTY! 












new design’ possibilities 
new production economy 


Gries’ unique special molding 
facilities make the most of 
nylon’s unique advantages—at 


the least cost! 


AUTOMATIC INSERT 
MOLDING. Exclusive facili- 


meee 





nt. ; 
us ties individual or continu- 
sre ous inserts: finished parts 
produced automatically 
Write today without manual labor of 
for informative ; any kind! 
bulletins; Te i 
4 


send prints 
for quotations 


\ MAXIMUM SIZE: 
: 03 oz. 144” long 
NO MINIMUM SIZE! 


GRIES REPRODUCER CORP. 


Foremost Pr 


149 Beechwood Avenue, New Rochelle, N. Y. © Telephone: NEw Rochelle 3-8600 





Small Die Castis 
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Laboratory 


and 
Engineering 
Equipment 


TRANSISTORIZED 
GAUSSMETER 
Model 1295 utilizes Hall effeet) pris 
ciple to measure magnetic flux densi 
ties up to 50.000 gauss in static or a 
fields to aceuracy of +3 per cent 
Nine tull-seale ranges provided 
0-100. 200 i LOOd 2000 SOK 





10.000. 20.000 and 50.000 gauss. Two 
standard magnet- 1000 and 5006 
gauss calibrated to l per cent 
cluded. ls transistors eliminate 
warm-up drift and provides stable oper 
atior 

Twelve pound init enclosed = in 


gray-green hammertone finished alumi 


num cabinet measuring 6 wide x 
1014 in. 


on 117 volts a-« 


4; in 
high x ll’, in. deep. Operates 


. 50-400 eps. Radio Fre 


quency Laboratories. In Powerville 
Kd.. Boonton, N. J >595 
TRANSISTOR TESTER 

Model TT-205 for laboratory, field 


and industrial use measures small sig 
nal beta, collector leakage current and 
npn. pnp. 

diffused 


collector resistance on. all 


surface barrier. grown or 
junction transistors, 

Eleven operating points are provided 
with one selector switch. Tester is self- 
calibrating and transistor under test is 
operated in a temperature-stabilized 
circuit, insuring that each unit is tested 
under identical biasing conditions 
} transistors. stable 


| mploys one as 


local oscillator nominal fre 


having a 











Avoid costly down-time caused 
by electrical control failure.... 





GOLD-N-RING 
CONTROL SWITCHES 
Oli-tight, water-tight, dust-tight. 
Built with heavy duty silver alloy 





contact points, over-size terminal 
screws, superior dielectric materials. 
For full information ask for a free 
copy of Bulletin ECS-56. 


JUNE 1958 


Electrical Manufacturing Division 


National Acme 


THE NATIONAL ACME COMPANY ° 176 E. 13st St. @ Cleveland 8, Ohio. 































Nothing is more frustrating to the production man 
than downtime caused by the failure of a minor 
component. An $85,000 machine tool down because 
of a failure of a limit switch can be as expensive 
as if it were caused by a main bearing burnout 
National Acme’s electrical controls are designed 
by machine tool designers and built as machine 
tools are built. That means extra ruggedness, extra 


dependability but it does not mean extra cost. 





LIMIT SWITCHES 
A full line of heavy duty Limit Switches de- 


4, ‘ signed originally for machine tool installation 
he) ) but now used wherever extra dependability, 
extra ruggedness and long life are required. 


For full information ask for a free copy of 
our Bulletin EM-51. 


NAMCO SOLENOIDS 
A full line of standard and custom made Sole- 
noids for AC or DC use. Push or puil types with 
capacities up to 25 Ibs. Bulletin EM-52A provides 
information on the application, design and in- 
stallation of Solenoids. Write for your free copy 
today. 
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quency of 1000 eycles, other 2 as spe 
cial purpose, low-level. synchronous 
linear detector. Provision made for use 
of external oscillator for test at other 
frequencies. Powered by one battery 
with low current drain. Sonex, Inc.. 73 
So. State Rd., Upper Darby, Pa. 596 


TRANSISTORIZED 
POWER SUPPLIES 


TPC-7 supplies can be furnished 

any desired output between 1 and 25 
volts d-c. Under normal operating con- 
ditions, output voltage varies less than 


-0.03 per cent during line voltage or 





output current fluctuations. Regulation 

\ maintained at 350 ma loads 
The 120 volt a-c input is reduced 
through specially-designed transformer, 


rectified in bridge circuit and filtered. 
Portion of output voltage is compared 
to Zener diode reference voltage. am- 


plified in transistor circuit and applied 


PRODUCTIVITY ? 


There is untapped productive potential in the 
existing machinery in most plants. When these 
same machines are equipped with the Sterling 
Electric Power Drive System, recommended by a 
Sterling Application Engineer, you will get the full 
productive capacity they were designed to deliver. 





% 





INQUIRE TODAY to input to maintain constant output 
voltage. 


Can be used in place of standardiza- 


tion circuit, battery and standard cell 
usually found in potentiometer record- 
ELECTRIC MOTORS ers, also as supply for strain gages ' 


and pH meters, chromatographs ind 





Plants sper trophotometers. Southwestern  In- 
LOS ANGELES 22 + CINCINNATI 12 dustrial Electronics Co., 2831 Post Oak 
Offices and Stocks in Principal Cities Rd., P. O. Box 13058, Houston 19 
| ex. ->597 
a \ 
= © c INDUCTANCE METER 
* 
Cw M-149 inductance meter is designed 
for direct measurement of inductance 
Speed-Trol Slo-Speed Constant Normal Multi-Mount RE Fae 1 100 ml 
Variable Speed Drives Gear Motors Speed Motors Speed Reducers values between V.Uo wh anc mn. 


Basic circuit consists of high-stability 


oscillator which can be tuned over the 


tN 
vt 
te 
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Remarkable 
high-temperature insulation 






Days Exposed 










Comparison of dielectric rength vs. time 
2504 482°F .) for “Arn ommer ~ 


ally available high-temperat 





After exposure to extreme temperature 


Bendix high-temperature A aircraft generator, slot- 





lu | r Driven dir 


KR AVIA ‘ ATONTOWN, BLS 


Armalon’ proves dielectric superiority 
as slot liner for aircraft generators 


DU PONT INDUSTRIAL Bendix Aviation Corp. uses a Du PontArmalonftetrafluoroethy lene 


resin-coated glass fabric to slot-line the high-temperature AC 
COATED FABRICS generators it builds for the Air Force’s F-104 Starfighter. Superior 


dielectric and mechanical properties of *‘Armalon’”’ give windings 
COATING MEDIUMS maximum vil 


num protection against bration and the extreme heat 
Neoprene « Buno-N e Silicone « Polyacrylate generated at full load and high altitude. 
Chlorosulfonated Polyethylene ¢ Tetrafluoroethylene This example of performance superiority characterizes the entire 
Butyl «+ Acrylic «© Polyamide family of Du Pont industrial coated fabrics. Do you need a material 
Polyethylene « Polysulfide resistant to gas, oils or corrosives?—to abrasion and flex cracking? 


to temperature extremes? Or one with superior insulating or 


SUBSTRATES anti-stick properties? If so, get all the facts on Du Pont industrial 
Fabrics Felts or coated fabrics. Simply mail the coupon. 
Cotton . Nylon . “Dacron’* Non-Woven , Du I . ‘ 
Asbestos . Glass “Teflon” Felts ate 
Rayon . “Teflon’** Wool Felts (ae ee ai 


E.1.du Pont de Nemours & Co. (In¢ Dept. EM-8&86 
Also elastomer sheet stocks without Fabrics Division, Wilmington 98, Delaware 


fabric inserts and cements 





»*lease send me further information about coated fabrics. 


I am interested in using a coated fabric for 
** Dacron” is Du Pont's re 
***Teflon” is Du Pont’s traden 


: for its polyester fiber 





trafluoroethylene fi ber 
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3 WAYS 
TO CUT 
CONTACT COSTS 


389, Saved by CHANGE to 
DERINGER Cold-Heading, in many cases, 


the most economical process 


Ce 


This part now cold-headed to very close 
tolerances was formerly made by screw ma- 
chine. Use of high speed cold-headers resulted 
in the reduction of waste metal and produced 





Un . é range 16 ke to 5 me, loosely-coupled 
uniformly high quality contacts at a saving 
QC 071° , via a buffer stage to a resonant 
of 38%! aoe 
consisting of a standard fixed capacitor 







and the inductance to be measured 
RRS RRR RRR RRR RRR ER SEES SPSS SESS SSSR SESSSEESESSESESESC SSSR BEEBE ee 


Resonance obtained by adjusting oscil 7 ° 
bi a ps lator frequency, the tuning dial being 
DESIGN CHANGE to calibrated directly in inductance. Reso 
eliminate operation nance point indicated by a “Mag 
As originally made by another manufacturer, Eve” with incorporated sensitivit . * 


this part required an additional operation. od Mien aines Teton. 02 (0 
The part was unsatisfactory because, when aplasia be ang os a gr aga ae gg ae 
assembled, the shoulder did not maintain the Box 801, Philadelphia 5, Pa ” 598 
assembly in the required fixed position. 


tl saa 
ec reatot by ee. PORTABLE GALVANOMETER 
wew design originatec »V eringer elimi- 

nated second operation and not only directly ANALYZER 


saved 46% but resulted in superior part | T 
which maintained the required fixed position. nstrument allows complete check 0 


ad4daadadn 
Mt 
Aa S SES a4) 


ill galvanometer parameters, including 
PRR RRRERBEEEERBREREREREERES SES Peewee RRR RR OCR e damping, frequency respons¢ stati 


balance and d-c sensitivity 


REDESIGN to Reduce Assembly Time GA-101 


features optle il system wil n 
This part originally had a round head. ies provides correct optical arm for galvan 
It was hopper fed and a big problem was in }# Bee line si rninacin acai 
’ ome ne rt et ni I ai liad 
automatically aligning a wire with the head are | ; ay 
slot. 5 turers rating to be checked directly 
More than the cost of the part was saved from meter or ground glass secreer 
in labor when Deringer redesigned the head Pemperature-controlled magnet 
to a semi-square shape and double slotted 
with dummy galvanometers in all un- 
the head so that it now automatically feeds 
through the hopper in position for perfect used channels, duplicates operating 
alignment. conditions. Series or shunt damping 
TORO RRR REPRE OER ERE REPRE RERESERESEO RRR OPC REE ESS circuits can be =f lected tron iront 
30% to 60% and HIGHER SAVINGS ARE panel. Increased light intensit 
HOW WOULD YOU PARTICULARLY IMPORTANT because thle for frequeney respons : 


i 


2 : 
MAKE THIS CONTACT? most contacts are made of precious metals in 
ys Yr ‘ quantities of thousands and even millions 


one such change may save thousands of : 
dollars. , sensitivity read directly : 1D 
DERINGER furnishes a complete line of 
standard and special electrical contacts and 
dd contact assemblies—welded, riveted and 
double headed. Also rivets, discs, stampings; 

wire, strip, sheet, laminated metals; silver 

ind silver alloys, gold, platinum, palladium 





IF YOU ARE INTERESTED etc. Exceptionally high quality and close . 
IN POSSIBLE SUBSTANTIAL tolerance cold headed parts in base metals 
steel, brass, al unum, etc 
CONTACT SAVINGS eer eT rete es 
: WOULD YOU LIKE TO REDUCE 
For general informatior INVENTORY? 
Write for our latest FREE DERINGER unusually fast delivery 
catalogs. For specific in- faster than others take to process an order 
formation—Submit com- will enable you to reduce your inventory 
plete specifications of your stock to a minimum. 


part. tolerances, ‘ 
application and 
any problems. 


IF PRICE IS IMPORTANT—TRY DERINGER 


4 DERINGER 


METALLURGICAL CORPORATION 
8111 MONTICELLO AVE. + SKOKIE, ILLINOIS 
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ENGINEERING DATA | 


Contact Ratings: 




















Volt | A.C. Amperes D.C. Amperes* | 

= | ae. N.C. N.O. N.C. | 

be ~ —- - + a 4 
| : | 10 0 6 | 5 

— + ——— — —— 4 

0 1 1 | 

eo a — — — —+— 4 

| 44 ) 10 | 

poe pas | a ca 
¢ A oO on 

r 1 Pople _8 ‘ata acini meee 
| Non-inductive resistance loads j 





Coils: Standard A.c. coils for 110, 208-220, 440, 
or 550 volts, 50-60 cycles. Standard D.c. coils 
for 115 or 230 volts. Other coils on special order. 
Poles: 2 to 8, in all combinations of N.O. and 
N.C. contacts, convertible from N.O. to N.C. and 


vice versa 


+Dimensions: 


D.c. | Width Height | Depth 


3442 
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Es POLEA.c. 


Brand new, Type HR solenoid relays are Result-Engineered to function 
as the “heart” of any control system. The Type HR is designed as a multi- 
pole relay for piloting machine and process control components where 
ultra-long life and hi-speed operation are mandatory. 

Wiping action contacts insure high electrical reliability; nylon movable 
contact carriers—separate for each pole—and nylon armature guides mini- 
mize operating friction. And, you can add to these features, interchange- 
able a.c. and d.c. power plants with molded coils. 

Simple, fast, easy installation speeds assembly into your equipment, 
saves time, cuts cost. Accessible front connected coil and contact termi- 
nals equipped with pressure connectors . . . no lead lugging needed! 

Four basic models with up to eight unitized poles maximum, conver- 
tible N.O. or N.C. contacts—completely enclosed to keep out dust and 
foreign particles—make the HR an unusually versatile relay line. 

Ask for Ward Leonard Bulletin 4470 for complete technical data. 
Ward Leonard Electric Co., 34 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd., Toronto.) 
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FOR 
built-ir VTVM. Stati balance is 
BETTER ae 


checked by turning instrument on its 


; side. thereby applying a Ll g static 
Be is ; acceleration. North Atlantic Industries, 
(ean e q earance Incorporated, 603 Main St., Westbury. 
aS Se N. Y. >599 
FOR CONSTANT CURRENT POWER 
FAST SUPPLIES 


Model CCS-1/1000 offers load current 
range of 1 ma to 1 amp with a max 





i - : eZ ad a as voltage across load ot ] 5 volts d-c. T he 


} CCS-.1/5 has load current range from 
oa Se 
f 4 














= . 
100 pamp to 5 ma with same max 
i voltage across load. 

Both have applications in instrument » ‘ 
calibration, constant intensity light 
sources, vacuum tube heater supplies 
and electroplating. Other uses: supply- 
ing function generators. driving bridge 
circuits and biasing transistors. 

In addition. units offer fast response 
time of less than 50 psec recovery 

RECESSED TYPE load transients. Ripple less than 1 per 
Recess avoids clogging Of nny on both units Quantum Electron- 
threads by weld flow or spat- | «.. Div of Ultradvne. Inc.. P. O. Box 
ter—no re-tapping. 3308 Albuquerque. N. M >600 
PILOT TYPE 
Provides quick, accurate position- RMS MILLIVOLTMETER 
ing. Pilot forms barrier preventing 
weld spatter in threads. MV-32A precision a-c vtvm uses an ele 
a tronically-protected vacuum thermo- 
g et | rectiher Accurate measurements are 
_s ots made by comparing unknown voltage 
with ar accurately calibrated 1000 
evele signal and adjusting the calibra- 
tor-attenuator until both unknown 
voltage and calibrator signal produce 
we nu S exactly identical needle deflections. 
Five “transfer points” are available for 
this comparison to accommodate signal 
Solve production delays—cut manufacturing costs. Fuse nut to the product in 
exact location. Engineered for assembly simplification. The welding of nuts to sub- 
assemblies permits the use of screws or bolts in the main assembly without the 
need for holding nuts from turning, cutting time and labor. 
Both types available with the patented M’F Two-Way® or famous M:F UNI- ' 


TORQUE® locking feature. 
M-:F weld projections are uniform in height and volume of material to insure 
uniform electrical contact and result in clean, strong, dependable welds. 


M:F weld nuts are designed to give a 3-point bearing, eliminating rock and 
guaranteeing a uniform weld. 


Concealed fasteners for improved product appearance. 


Pre-attached fasteners in blind locations for faster, trouble-free final assem- 
bly . . . improve design . . . cut costs. 


Send for descriptive literature. 


MAC LEAN-FOGG LOCK NUT COMPANY 


5535 N. Wolcott Street, Chicago 40, Ill. 
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Automation-wise, plating metal parts after stamping ess, brass e, copper, nickel, and aluminum 
can be waste Mote inc interrupt produc n flo t cke e and coppe Strip up to 
Designers have tound they cane ite the pla y 040" ck P e can be p ip to .005" 
Step Dy starting plated metal stri OI ICK per side. 5S e 1S co l S e 
and assembDly of parts can then be inc Oo eveiopme ee eeds aybe e 
continuously automatic production | y a custom p g rec it too 
. and economically. With its unique plating process, en 
oe vag : | “iy ) ° . — . : - , Oo : Why not accept o invitation to estigate? Fo 
90TH sides. Fiating can ode controlied for even OI! our Plated Strip Tec cal Bulle e to 
neven th > fram ie f ; 
even thickness Ir¢ Side to side Sy Electric Products Inc 
- We've already plated base metals of steel, stain- Parts Division, Warre Pa 


Custom Molded P! 


Custom M 
Custom Weided Parts 


astics 


] 


un” 


t 


0 


Q 


tampings 


yy Custom Ceramic Composites 
Alloy, Clad, Plated Wire 


LIGHTING + TELEVISION + RADIO + ELECTRONICS 
PHOTOGRAPHY + ATOMIC ENERGY + CHEMISTRY-METALLURGY 
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Plated Metal Strip 
Electronic Components 
Fluorescent Components 


N 
vl 





wave forms having max _ permissible 
crest factors between 2 and 10 


Accuracy within the basic frequency 


\ | range (50 cps--5 ke) is better than 1% 
\ 
\ per cent: at other frequencies 2 pet 
J \ cent. Total frequency range is 10 « ps 
500 ke and total voltage range s00 
\ ? uv—l kv. Calibrator accuracy is 0.1 


per cent. Millivac Instruments. P. O. 
for. a Box 997, Schenectady, N. Y >601 


control of | STRAIN GAGE POWER 
' SUPPLY 


voltage, \power, Type 2-200 will provide 100 transducers 


with up to 5 amp current at any regu 


~heat, lated voltage between 0 to 15. volts 


Operating over a temperature range of 
: : : li ht j 30 to 120 F, supply is designed for 
spee an ig such applic ations as engine test stands 





where a large number of bridge-type 
transducers must be powered trom one 
stable source. 

Under no circumstances of failure 


can supply produce voltage ot more 


Panel- mounted than 20 volts, and direct short on out- 


F ‘ - A put terminals will not damage unit. 
Adjut-A-Yet |e s.. 


19 in. wide, and designed for rack 





mounting; weight approx. 75 Ib. Op 


iabl f 

Variable Transformer s | cratine requirements 105-120 volts. 50 
Type 300BU 60 eveles. at approximately 200 w. Neff 
. istrume Corp., 22 : oott 
Small, compact, easy-to-mount Adjust-A Ir — _ Rs: ll | ull 
Volts are ideal built-in variable AC voltage Blvd., Pasadena, Calif >602 
control components for all tvpes of industrial 

electrical and electronic applications such as 


power supplies, rectifiers, instruments. etc DC-TO-15 MC OSCILLOSCOPE 


The Adjust-A-Volt features longer life, low 


maintenance due to its rugged mechanical [Type 533 has 22 calibrated direct 
construction, spec ial pre-adjusted brush as reading sweep rates from 0.1 psec/em 
sembly and LoRes alloy brush track plating ce oe m. with sweep magnification 
a . = 00 set ( a ns ep agn ations 

Available for 115 and 230 volt single phase a . 


or for 3 phase operation. Units illustrated of 2, 10, 20, 50 and 100. Full sweep 
rated from 165 VA to 1 KVA. Other units range 0.02 ysec/em to 15° sec/cm. 
available up to 20 KVA 


All sizes available in 2 and 3 gang assem 
g 





[Triggering preset for operating con- 


Type 500BU 


venience, but can be controlled manu- 


seseeneeni blies for increased output current or poly il 
noe ally. 


= 
Ge phase operation 
a 


7 bench and panel mounted units, manual or 
motor-driven and 400 cycle units for military 
applications. New Adjust-A-Volts are under 


for one-shot recording. Accelerating 





The complete Adjust-A-Volt line includes Sweep lockout-reset feature provides 


% | v development. Your inquiries for “specials” 
ee are solicited. Write for 22 page Adjust-A-Volt 
Catalog 
Ganged 300BU-2 Adjust-A-Volts are stocked by leading job 


bers throughout the country 


STANDARD ELECTRICAL PRODUCTS COMPANY 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 
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MAGNET WIRE 
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ANALAC is 9 true product e wire. This ted erat sanet wire does away 


Now, just one step! Analac lets you solder 
without pre-stripping! 


Anaconda’s Analac* magnet wire saves time and money on the visible, helping operators turn out higher quality work. 


production line. This film-insulated, solderable magnet wire can Analac, 105°C (AIEE Class A) wire, is available in sizes from 
be used just as you use Formvar or Plain Enamel—with this plus 15S Awg to 46 Awg 


advantage it is solderable without pre-stripping the insulation. The Man from Anaco will be glad to give you more in- 


jown labor-time where many solderable connec- formation. See ““Anaconda” in your phone book—in most 
t 


nalac cuts ¢ 


to be made. It’s ideal, too, where removal of e in- principal cities r write: Anaconda Wire & Cable Company, 


a hazard to the wire. Solder Analac by dipping, 25 Broadway, New York 4, N. Y. eRe. 


in produces a perfect joint 
rms well gh-speed winding! 


ce and other mechani al advas = SEE THE MAN ts m 2 
> now using FROM |, me, 0 § gy 


FOR READY-TO SOLDER ANALAC MAGNET WIRE 


ANATHERM PLAIN ENAMEL FORMVAR 





MAGNET WIRE 
DATA SHEET 


from a 
Anaconda Wire & Cable Co. 












IMPORTANT FACTS FOR YOUR WORK... 


about Analac 105°C (AIEE Class A) Magnet Wire 


SOLDERABILITY. Anaconda’s Analac can be used to overcome high 


cost of insulation stripping by adapting your present 


automatic soldering techniques. Your Anaconda sales representa- 


system to 


Analac has superior dielectric strength both in a dry condition 
and after exposure to high humidity Meets NEMA twist test 


requirements. Analac has unusually low dielectric losses at high . 


tive can arrange for cooperation from Anaconda’s Research 
Laboratories to help you take full advantage of Analac’s cost- 


saving possibilities. frequencies, which are only slightly affected by high humidit 


gun Thus Analac is particular! 


Analac is versatile; lends itself to gang soldering, to iron, lv suited for electronic uses. 
and dip soldering. Anaconda’s Analac Booklet contains full in- 


formation on soldering methods, fluxes, temperature control. ELECTRICAL PROPERTIES — 
Use the coupon below for your copy. 


WINDABILITY. Analac is abrasion-resistant . . . has excellent lubricity 

and surface characteristics which make it readily adaptable to 

automatic high-speed winding operations. Can be used on your 

present equipment—no retooling is necessary to adapt solderable 

Analac 

COMPATIBILITY. Analac is compatible with most insulation varnishes a 
presently being used. 


TECHNICAL PROPERTIES | : ra 


Analac has excellent mechanical properties. The film possesses 
superior abrasion-resistance and flexibility under a number of 
varied conditions—such as heat, cold and moisture. The wire 
shows no cracks when elongated rapidly to the breaking point 
It will also withstand 3 times diameter wrap after 20 percent 
elongation. 


Analac’s moisture-resistance is excellent, particularly in size range 
25 and heavier. It offers moisture-resistance superior to most 


other film-type insulations. 


New Analac Booklet—yours for the asking! 


Latest information. .. full technical data. Analac has good resistance to the action of solvents, water, and 
Mai/ coupon for your copy. dilute acids and bases. Analac will withstand 24 hours’ immersion 
at room temperature in most varnish solvents including naphtha, 
ANACONDA WIRE & CABLE COMPANY sadn " \ atts aincieal Giuwere peteliees janie 8 «( 
25 BROADWAY, NEW YORK 4. NEW YORK Oluol, XyiOl, and ethyl aiconol. Shows excellent resistance tO o'/¢ 
sulfuric acid ¢ c tas »x1de, 
Please send copy of your Analac Magnet Wire Booklet. I am interested ulturic acid and 5 > Poa hydre ide 
in heavy or intermediate size (15 Awg to 30 Awg)—-; fine sizes (31 


Awg or finer) 


NAME & TITLE 


as Analac is offered as 105°C (AIEE Class A) magnet wire, although 
Giecotaché inet Pueruseueed its thermal stability shows it is capable of performance at much 
AORN ..5555.: ; “ higher temperatures. Analac’s thermoplastic flow cut-through data, 


CITY, ZONE, STATE. obtained on basis of MIL-W-583A methods, has been above 200°C. 


potential of 10 kv assures bright trace 


for single sweeps. Writing rate 250 
em/psec. Viewing area 6 x 10 cm 

Amplitude calibrator has 18 fixed 
teps trom 0.2 my to 100 volts peak to 
peak. Square-wave frequency Ll ke 
Pektronix hh ortland. Ore >603 


Wideband = spectrur analyzer Model 


SS8-500 eri D> evel. 





| seg gs CORD SETS 
; ce MADE BY ENGINEERS FOR ENGINEERS’ 
Sy ifications: sweep width 2 ke to No "time off” expected for good 
900 kc: resolution 150 cycles to 2 ke behavior. CORNISH designs 
out analn: anne a BLUE. CHIP Cord sets to your 
ind 2-decade log voltage special requirements, produces 
60 db dynamic range them with a KNOW-HOW that 
Probescove ¢ nc.. § Sagamore Pull insures trusty service on America's 
Dr. Port Washineton. N. > 604 finest electrical equipment and 
appliances.. No charge for con- 
sultation. 
A-C MICROAMMETER . 
| Don't take chonces...CORNISH ‘em! 
nit measures currents 1 transistors, 
ignetl mpilit I re int l its, 
it *s high 
‘ put Im] dan 
{ listurbing 
I provided. A 
it ipid measure- 
EGC Rae a 
‘ COLOR 
to match your appliances, 
SUEUR mm ma ctl 


CORNISH WIRE COMPANY, inc. 


50 Church Street New York 7, N. Y. 
CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 


REPRESENTATIVES 


@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO @ CINCINNAT 

CLEVELAND @ DALLAS elk) @ DETROIT @ KANSAS CITY 

@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 

@ ROCHESTER @ST LOUIS @SAN FRANCISCO @ SEATTLE @ WILLIAMSTOWN 
* 


Stock carried 
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this new 


gearhead 


motor 


PROVIDES LOW- 


SLOW MOTION 








4 
This gear-head motor ke all Brevel motor s me p 
duced to your exact specifications— 7 
a wide stock selection. Modifications are 
Jesired speed, rotation, shaft length, and 
(continuous or intermittent) 


Write, wire or phone today, for informative bulletin EM-104 
Better still, outline your problem or send us your specifica- 
tions— 


BREVEL PRODUCTS CORP., 601 W. 26th St 


SLOW MOTION IS 


VECO 
THERMISTORS, 
VARISTORS = 


RATED 3. 
Wgueer = ve 
uwuty 


BY 
INDEPENDENT 
LABORATORIES 


109 Springfield Road, Union, N. J. 


| 
AA SER 


be 
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SREVEG 


New York « WA 4-4737 ™ 


OUR 


BUSINESS 


CONSTANT REFERENCE 
VOLTAGE SUPPLY 


Series VR3-85 v 
lable ritage 
. dard eells 

» Mee : VECO sources. Venti < 


Gas Analysis and 
Chromatography Cells 
Combustion Analyzers 
Temperature-Sensing Devices 
Low Tomporators Lox Probes 


F 


Tap- A Therm 


erm 5 


Custom-Built, Constant ‘oa 
erature Baths and ave 


Compactrol 

Descriptive lite re e 3 
nce Victory ; 
ENGINEERING i 
CORPORATION ; 


Telephone MUrdock 8-7150 


GRA 





ELECTRIC AT AN 





ments of urrents 00 to LOO 
ma range. Insertion probe consists 
current transtormer enclosed in a Mu 
metal shield to minimize stray mag 
net pickup Iwo sepal t pri irles 
provide turns ratios of 1 to ] d | 
to 100, 

Consists of 6-stayg i ) ampli 
her, arranged in pai with large 
amount of negative edback are 
each pair. Inpu pedance approx 
1 ohm, with noise level of less th 
0.03 wv. Metering accuracy and line 
ity assured by heavy rr eedback 
Quan-Tech | Maccimenn 
N. J > 605 
HIGH IMPEDANCE VTVM 
REL-500 

COST eaNise seameerement 40. be tab 
re ‘ Ba 
ire . tag () 20 k 











HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 





ENGINEERING NEWS 


Say “WHEN” to Toggle SWITCH 
MINIATURIZATION 





basic electrical 


Few 
have been successfully miniaturized 
with such telling effect as the toggle 


components 


switch. Hetherington has devel- 
oped space- and weight-saving 
cylindrical types with ratings, di- 
mensions, and performance tailored 
to the critical requirements of air- 
borne and industrial electrical sys- 


tems. And, thanks to Hethering- 
ton’s positive cam-roller snap 
action, even the smallest types 


carry ratings far greater than their 
sizes would indicate. 






U. L. RATING 
... 22 amp Size 
and Price 


Here’s just the push-button switch to 
dress-up and improve that instru- 
ment, appliance or other “black box”’ 
now on the drawing table—and with 
attractive cost and space advantages 
in the bargain. 

For the performance of these B- 
Series Switches comes mighty close 
to that of Hetherington’s aviation- 
quality switches in terms of positive 
“feel,” fast and audible snap-action 
Normally-open or closed SP-ST types 
with 8-amp U.L. Approved ratings 
available with lugs or 6” leads. Send 
for Data Sheet S-4. 
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HETHERINGTON INC. 


1958 


T1000 
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SERIES 


Recent Hetherington develop- 
ments such as the sub-miniature 
Type T4103 shown above approach 
the point where further miniaturi- 
zation would seem to present more 
difficulties in mounting than in ob- 
taining adequate switch perform- 
ance. Although not quite ready for 
production, field tests of the T4103 
have shown great promise for dras- 
tically cutting weight while assur- 
ing better performance in avia- 
tion’s toughest jobs. 


SWITCH PROTECTION 
“TAILORED” 


to humidity 
... moisture 


... Spray 
...immersion 


Although the mechanism of every 
Hetherington push-button and toggle 
switch is protected by the case against 
dust and moisture, some special re- 
quirements call for additional “cli- 
mate-proofing.”” Where the perfect 
hermetic seal of a metal bellows is 
not needed, “O” rings, sleeves or boots 
of lightweight silicone rubber offer in- 
expensive solutions for most applica- 
tions as shown by the typical types 
at right. 












“BILLBOARD” LIGHTS 


Make Crowded Panels 
More Meaningful 


Too often the significance of tiny con- 


ventional indicator lights is hard to 
determine at first glance—especially 
if many are used on one panel. With 
Hetherington Placard Lights, vital 
control information can be read di- 
rectly in terms of symbols, digits, ab- 
breviations, words, or entire phrases 
engraved on plastic lenses. Two mini- 
ature AN3140 lamps boldly illuminate 
the lettering, thus avoiding delay or 
errors of interpretation. 

In spite of their large (1-3/8” x 
9/16”) lenses, over 40 Placard Lights 
fit comfortably in a 9 x 5” area thus 


simplifying many annunciator-type 
panels where lights are closely 


grouped. For details. write for Data 
Sheet L-3 
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PUBSEER BOOT MOLDED TO 
WEE wUT— TOGGLE 





MUSBER BOOT MOLDED TO 
WEE WUT—PUSH BUTTON SwiTC 







METAL BELLOWS 
CALLY SEALED TO 
SwiTCm Case 


wo omen 


INTERNAL RUBBER 
SLEEVE AROUND BUTTON 







DELMAR DRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


standard switches for the most specialized requirements 
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| type housing provides easy accessibil- 
ity to all components. 

Input voltage—105 to 125 or 210 
to 250 volts: frequency—60 or 400 
cycles; regulation—0.05 per cent; out- 
put—85 volts at 3 ma; ripple (max) 

5 mv; stability—1000 hr interval, 0.2 


per cent max. 100 hr interval. 0.1 per 
cent max: temperature coefhcient of 
output voltage—2.7 mv per deg C. 
Datascan. In 14% Notch Rd Litth 
Falls, N. J > 607 


VOLTAGE TO DIGITAL 
CONVERTERS 









Voldicon is designed to operate ¢ ither 
is a digital voltmeter or as an analog 
to-digital converter nit capable 
2000 complete mdependent conve 
Wherever you use either— WI tnt : 
ner -ed ig ltr t 


VINYL or both—Class A and Class B sleeving 
COATED 


sleeve of 
woven 


and tubing, Varflo will save you 
money .. . by filling the require- 
ments of both classes at the cost of 
FIBERGLAS Class A insulation! 

gives more 








than Varflo vinyl-coated Fiberglas 
adequate Sleeving and Tubing with its superior 
insulation to qualities of flexibility and greater chine is so fast that visual display looks 
dielectric strength under all conditions continuous. allowing user to read bot! 
~—=ai- YOUR WIRE em ‘ f 
oar make it ideal for both Class A and forward and backward without di 
Class B installations. ficulty. After unit has made one con 
aa vers1or it is ready to make another 
conaitions— . ° enever ommande n extern 
that’s @ FLEXIBLE It can be bent or even tied in whenever commanded by a ‘ternal 
knots without cracking or crazing. trige 
Varflo When used as analog-to-digital cor 
@ RESISTANT to water, alkalis, mild acids, verter, can be incorporated into prac 
oils and greases. tically any system because of variety 
- i tputs yrovided: i il t i 
Varflo enlarged @ TOUGH and stands up under vibration. ake ie ee: i 
for details Ideal for “After Treatment” operations. ical i A Re iit a 
@ LONGER LASTING at high temperatures. Unit allows user to choose his own 
Withstands hundreds of hours at 300° F. code by pulling slides on which matrix 
Good shelf life, too. - mounted and changing jumpers. This 
permits generation of parity checks OF 
@ MORE STABLE, retains dielectric value mionirteetine codes. Adase. Tn 
when pulled back during soldering. S09 Slat, cs Cambuidoe Bi lias 
tt > 608 


@ AVAILABLE IN 3 NEMA GRADES, 
B-A-1, B-B-1, and B-C-2 in 10 colors, in 


coils, 36” lengths or short pieces. RECTIFIER TEST SET 


Model 2-38A laboratory and produ 
, tion rectifier test set is designed to 
Goud lodlay ns _ evaluate dynami characteristics ot 


: = ve i id silicon rectifiers. Em 

complete line of samples and “mm FS. ee oe a 
CORPORATION vimeael wens. = a ez ploys spec il circuit which permits 
Makers of : Se selecting any forward current or re 


Ele 
Tubing and Sleeving $ 
eeee eeeeeeeeeeeoeoeoeoeoee eee 






VARFLEX CORPORATION 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing description and test samples of Varflo Sleeving 
and Tubing. 


Name ee — a ve pase 
Company—___— a = Sie pepaal aaa 


Street “ aemieneimeniag putanentigtineecingnninationes oe — 











a sic ceraigaieansatenainnistemenciaaniasnaae State_ 
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eee eee Tease voltage independently ol eat l 


from CLEVITE... | 
with PROVEN RELJABILITY. a 
, pad’ 


SILICON JUNCTION 
SILICON-GERMANIUM ALLOY 
GOLD BONDED GERMANIUM 





GLASS DIODES 


and 


POWER TRANSISTORS 













HIGH FREQUENCY AUDIO 
HIGH SPEED SWITCHING 
MIL-T-12679 A/32 (Sig © 
10 WATT & 4 WATT 


CLEVITE. 
TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. 


A DIVISION OF 





TWinbrook 4-9330 


OTHER CLEVITE DIVISIONS: Cleveland Graphite Bronze «+ Brush Instruments + Clevite Electronic Components 
Clevite Harris Products + Clevite Ltd. - Clevite Ordnance + Clevite Research Center + Intermetall G. m. b. H. 
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HOW TO SOLVE ELECTRICAL EQUIPMENT _ @® ci ieane incac 
sien ; > ee, | a 


verse voltage independently of each 
other. 

Tests rectifiers with average forward 
current ratings between 0.25 and 50 
amp half-wave. and reverse voltage 
ratings to 2 kv peak. Multi-scale instru 
ment provided to measure average re 
verse current. Peak-reading voltmeter 
used to measure peak forward voltage 
drop. Shunts and attenuators included 
to yt rmut. ose illoscope obse rvation «© 


forward and reverse current and volt 


uge Wave shape = All measuring cir 
cuits protected against overloads. Wall 
son Associates. Ltd. 35 E. Runyon St 
Newark 12 \ | > 609 


DATA TRANSLATOR FOR 
BETWEEN-COMPUTER USE 





ee 


Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc 
Springdale, Conn., gives some “reasons why”’: 


“Many of the gases examined by our infrared analyzers are 
flammable. We use Crouse-Hinds explosion-proof Condulets as 
a built-in feature of our highly sensitive instruments—to protect 
chemical and industrial plants, medical and experimental lab- 
oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- 
dulet equipment for many reasons: 

“First, of course, is the universal acceptance of explosion- 
proof Condulets by safety men everywhere. There is a large 
assortment of standard and special housings. We like the sim- 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like 











: m vuters of different designs via almost 
it, too. in conceivable combination 
There are more than 15,000 items listed punched cards, paper tape. or mag 
in the Condulet Catalog: conduit fittings, netic tape. Functions peculiar to vari 
plugs and receptacles, motor controls, ous processing performed simultane 
lighting fixtures, switches, hundreds of ously: tape bad-spot detection, pari 
others, both explosion-proof and conven- eed Bini’ whack endsoiiile «nd wne 
tional. Make your selections with confi- of-tape 
z dence. You get the best when you get Cio, ‘ in. hig 12 wide x 30 
BE savicnisners Condulets. in. deey Telemeter Magnetics. Inc 
/ DISTRIBUTION ' ee i ee Bec ei el 
exciusivelythroveh | = @Q Our distributors have the facts. Or Seren: Say eer: ANNES: Eee | awn Doe 
alif >610 
eeneenenns, consult your telephone directory for sans “ 
DISTRIBUTORS , , : He 
/ the nearest Crouse-Hinds Office. 
TRANSISTORIZED 


CROUSE-HINDS Ba er cane sii sn 


0-0.5 amp. Regulation for line or load 


Main Office and Factory: Syracuse. N. Y. less than 0.1 per cent or 0.003 volts, 

Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. whichever is greater. Ripple less than 

] mv rms. Recovery time less than 50 

Sales offices in principal cities usec. Stability for 8 hr. less than 0.1 

per cent or 0.003 volts. whichever is 

CONDULETS © FLOODLIGHTS * ‘TRAFFIC SIGNALS * AIRPORT LIGHTING greater. Operating ambient temperature 
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Mail this coupon for more information: 
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HOW TO SOLVE ELECTRICAL EQUIPMENT 


ULATION 





GENERAL @@ ELECTRIC 


Silicone Products Department, Waterford, New York 





Problem: Design a 
many areas normally 


Solution: Protect coils with 


Problem: De 


Solution 
cones in an improved 


Problem: £ 


Req 
5 JUIE 


Solution: Lead wire insulated with G-E silicone rubber 


~ 


quiring er 


Combine inorganic materials 


GB) SILICONE IDEAS 


sed motors 


G-E Silicone Dri-Film® 


insulation system 


r 4 iss H equip 


Section E2K6, Silicone Products Dept. 
General Electric Company, Waterford, N. Y. 


Send me ta 


appiica 


Class H 


Name. 
Company 
Address 


City 


FOR WIDER USEFULNESS... IMPROVED 


G-E silicon Dri-F 

wire, including list of 
_Title_ 

___ £One 


PERFORMAN 


with G-E sili- 
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amos | NOW! 


heat discovery for 


design engineers as much 
heat 


concentration 
in V/s 


the space! 





a new standard in watts densities 
»---and longer operating life! 

Never before in cartridge heating history has so much heat 
been available in so small a unit—5 TIMES MORE HEAT IN 
THE SAME SPACE! Or as much heat in 1/5th the space. Here 
is new design flexibility for many heretofore difficult or impossible 
applications. In addition, WATLOW FIREROD Cartridge Heat- 


ers will give you much longer life than ordinary cartridge heaters. 


The FIREROD is available in lengths from %” to 12”, in dia- 
meters of %”, 2”, and ® 


FREE ILLUSTRATED LITERATURE describes oper- 
ation data, tests, styles, etc. Write for your copy today! 


* 


“?e ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 


Saint Louis 14, Missouri 
RY 
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is 50 C max. Temperature coefficient 
less than 0.05 per cent per deg C. Out- 
put impedance less than 0.04 ohms 
Additional features overtempera- 
ture protection; continuously variable 


output voltage without switching: a de- 


sign to operate continuously into a 
short circuit; either positive or neg 
tive can be grounded inits can be 
series connected: terminations on front 
and rear: power 105-125 volts, 50-65 
eveles LOO cevele inits ivailable “ize 
812 wide. 4. high and 13°. in. dee] 
Kepeo Laboratories. In 151-56 Sat 
ford Ave F lus} ing 35 N \ >611 


FREQUENCY TO 
D-C CONVERTERS 


High speed conversior 


output in be made t i i 
stability of better ha U.1l | 

wl Series 1220 treq or 

verters. Units I in} etl 





\ 
direct analog recording or high 
speed digital processing 
Pr me ti nst t< i] 
lisec to 2 sec; full scale frequency 


ranges of 500. 2500 and 10.000 eps: 
1 to 5 channels per 19 in. rack: will 
inake frequency conversions to 50° ke 


with 10 volts (1 ma) d-c full scale out- 


put for selected full scale frequency. 

Other applications include accurate 
monitoring of rpm, trequency and 
RDB telemetered data. Systron Corp., 
2055 Concord Boulevard. Concord, 
Calif. >612 


TRANSISTOR TESTER 
NPN or PNP transistor tester deter- 


mines small signal d-c gain (Beta) 
for grounded emitter configuration, 
collector-to-base leakage current 
(I..), and collector-to-emitter leak- 
age current (1 

Accurate to within 3 per cent and 
direct reading. tester is applicable in 
acceptance and proof testing, or any 
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FOR WIDER USEFULNESS...IMPROVED PERFORMANCE 
«++ GREATER RELIABILITY IN OSCILLOGRAPHIC RECORDING 


\“ 
THE 


NEW SANBORN 











SERIES 
6- AND 8-CHANNEL 


- He 4 an 
5 
e : 4 » Zz gS S gn 
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- 
© ; g 
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& 2 at ailt 
g é 
Recor 
} Ar » ta 
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ye gi 
E 2S tne al n ( 
£ nt; n : trically 
conta S rr 2 
r r ar r I rker 
g plifiers (Carrier, DC 
( Servo Monitor-der r al DC x sever: 
iby no other equipment 
S r 


INDUSTRIAL DIVISION 
SANBORN COMPANY 
175 Wyman Street, Waltham 54, Mass 
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z 
Recorder back plate holds 
~ eight plug-in Power Ame 
fier modules (one sh 
unplugged 


side of Power Supply s 
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Sola Ele et? ic Co. wSeES 


Phaostron CUSTOM Panel Meters 


PHAOSTRON 


UES 


PANEL METERS 

on Features Include transistor socket 
METAL CASED FOR . fos a in testing. bindian posts for 
LASTING ACCURACY - ys in-circuit transistor testing. light-bulb 
SHOCK MOUNT JEWELS aii Z indication of — tran-ist Is. €N 






rogram 





] requiring 
| 


arge numbers ot transistors 


PHAOSTRON CUSTOM PANEL METERS ar: 


gro : . DIGITAL TAPE AND PAPER 
“saa SPLICER 
= "D 


ely ‘ | vA | ir - 2 , 
PHAOSTRON Instrument & Electronic Co. = PY DTI 
151 Pasadena Avenue, South Pasadena, California 
Circle 264 on page 17 





esives, or gl | 
ape ij) - | ethod 
ever me sid pressed fla 
, 
ind tes- i 1 ! KI - > a 
result | iper ict ite ma 
be overlapped or itt-welded when 
Why it will pay you to send your CERAMIC PARTS double thickness can be tolerated: as 
requirements to WISCONSIN PORCELAIN CO. a butt-weld. it does not add any thick 
ness over that of one plece of tape 
FIRST: You will get the benefit of FOURTH: You will join a distin- ) 
; ‘ : : Fusing accomplished within 2%4 se 
39 years of experience in efhcient and guished list of companies who have 3 1 
l od j } ; } 1 Overall dimensions are 9 x 11)4 x 
economical production of ceramic parts come to depend on us for just this kind aa . 
: } f } 1 17: weight 17 Ib. Operates from 11 
to meet your exact needs of service and quality ‘ “ 
: 120 volts a- source—50-60 ~ cvcles 
: | ty por- oer 1 l juiremen f. »—> QT 
SECOND: A wide variety ? por : end us oh requ ro ts se Prestoseal Manufacturing Corp.. 37-2 
> ha > c 7a > and nite f ample or ueprint wil oO ou 2 
celain, refractory, steatite and filter sample or bluepr »u'] 33 St.. Long Island Citv. N. > ~614 
bodies is available to you. Our uniform, get a prompt reply. 


tough, accurate components pay off on- 
the-line in faster assembly, increased 


Serving the Electrical and Electronic 


production efficiency. Snepneies same EPSP VOLTAGE REFERENCE SOURCE 
THIRD: We ‘keep’ delivery prom- WISCONSIN PORCELAIN CO. Model VR-608 rack mounting units 


ises, having operated for over 39 years, 115 MARKET ot. SUN PRAIRIE, wis. are equipped “ ith a tront panel null 
24 hours a day without a shut-down. [Vibad so thy Chccams dadeasiel dud meter, can provide output current up 
270 Circle 265 on page 17 FLECTRICA \NUFACTURING 
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B-H Curves 
magnetic characteristics for the electronics of today and tomorrow 
g . 
| ( 


— [arpenter 


___.... Alloys for electronic, magnetic and electrical applications 





Che Carpenter Steel Company, 115 W. Bern St., Readit 


Export Dept.: The Carpenter Steel ( Port Wa gt N.1 CARSTEELCO 
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6 Taylor-Fabricated Laminated Plastic Insulators 


Protect Control Elements of GE Automatic Toaster 


T hese 


mechanism, color control unit, and 


insulators for the pop-up 
heating element in the General Elec- 
tric Automatic Toaster are made of 
continuous filament 


woven glass 


fabric with melamine bond. 


resin 
[his Taylor Fibre Co. material was 
selected for its ability to withstand 
the temperatures encountered in the 
toasting Operation, its excellent arc 
resistance and mechanical strength, 
and its cost, which is lower than that 
of the mica insulators formerly used 

Another factor in the decision was 
the capacity of Taylor Fibre Co. to 
produce the fabricated parts to spe- 
cification, and in the large quantities 
required, at reasonable cost 

You, too, may have applications 
which can utilize the combination 
of physical, mechanical and elec- 


trical properties found only in lami- 





nated plastics. Our application en- 


gineers will be glad to discuss them 
with you, offer engineering assist- 
ance,and recommend a Taylor grade 
that will fit your specific require- 
ments. Our plants at Norristown, 
Pa., and La Verne, Calif., are both 
fully equipped for fast supply of 
basic materials and finished parts. 
Write us for detailed information or 
to arrange for a Taylor Fibre man 
to call on you. TAYLOR FIBRE Co., 


Norristown 37, Pa. 


tor 


LAMINATED PLASTICS VULCANIZED FIBRE 


Nw 
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to 100 ma. Decade switches permit 
selection of precise voltages in step 
of 1.0 mv. and a vernier control makes 
possible interpolation to the nearest 
0.1 mv. 


Selectable output voltage range from 
111, 112 volts d-c to 111. 112 volts 
d-c. Absolute accuracy 0.01 per cent; 
stability 0.05 per cent. Output imped 


ance essentially zero ohms. 


In addition to selectable itput 
there ar 2 absolute reference outputs 
(---100 volts d-c and 100 volts d 
ind provision for 2 external a-c or 
1 reference inputs. Epsco, Inc 88 
Commonwea!t} (venue Bostor 15 
Mas >615 


TIMER MEASURES BILLIONTH 
OF A SECOND 


“Nanose extends irt of time mea 
sureme hree rae of lagnitude 
’ t Hi tl - i oF 
possible with pre t ipme 
Intended originally a ear r 
earch tool, it ca he used in fields 
‘ radar. compute ind solid state 
nhvsics Appl t includ neutron 
1 flight measurement, fast coin 
cidence cireult studie elay | cali- 
bration 1 id ! . I t time 
tudies 
Consists of 2 basic elements i time 
implitude converter and a 20-chan- 
nel amplitude analyzer. Eldorado Ele 
‘ 282 Pentl S Berkeley 
(Ca >616 





D-C CURRENT TRANSDUCER 











The A Series 





three-way Skinner Valve line 
for medium-size cylinders 


This new A Series valve line bridges tne gap 
between the famous V5 line used with small 
cylinders and the reliable M3 line used with 
large cylinders. The design of this new line per- 
mits economical and efficient operation of 
medium-size cylinders as well as faster opera- 
tion of smaller cylinders where increased 
cycling speed is a necessity. 

The first of the A Series line is a 3-way nor- 
mally closed valve with a 54,” orifice and 1,” 
NPT ports, and a pressure rating of 125 PSI 
It is designed for use with such media as oil, 
air and inert gases. 

Despite the increase in capacity, this new 
valve is light in weight (only 3 pounds) and 
compact (3%” high and 25%” square). The 
body and mounting are non-corrosive zinc and 
the internal parts are stainless steel. The 
plunger is spring-loaded and direct-acting, and 
the valve can be mounted in any position. Soft 
synthetic inserts are used, assuring bubbletight 
operation and long, trouble-free life. 

For additional information, options and spe- 
cifications, call the Skinner Representative or 
Distributor nearest you — he’s listed in the Yel- 
low Pages. Or write us at the address below, 
Dept. 386. 
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Conduit housing can be 


rotated in four 90 steps 


Heavy-duty coil designed 


to 


Soft synthetic inserts 
for bubbletight opera 
tion, no packing of any 


type to cause leakage 


Extra-heavy stainless 
steel spring for 
positive closing action 


Two 1/4-20 mounting holes 


ELECTRIC VALVE 
DIVISION connecticut 


105 EDGEWOOD AVENUE 





D-C CURRENT TRANSDUCER 


[-¢ current tr 


ansducetr consists ot 


window-type a-c current transformer 


through which the d-« bus bar or cabl 


is passed, Current ranges vary f1 


t 


om 500 





ANALOG COMPUTER 


Niode LK 
re g 
DEVELOPMENT - ENGINEERING - MANUFACTURING pe 

yl) : 
e Alternators as prime power sources 00 
e Frequency changers for radar power t | ity invert 

supplies and inertial guidance systems | 0) y D 

Sel ( ( dc S Cor 

Pea esl Te ee ema ee 1, >618 


ema Me lle M ltl 6-1-1 e eel) 


e High-temperature and high-frequency 
motors, motor generators and actuators 


FOR HIGH-FREQUENCY POWER UNITS. WRITE OR CALL 


City es Shel ae 3 
P.O. BOX 1500 
& SG i re weer eee) is LE) 
ae eee 


Telephone WOodland 5-4511 
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or production joining, sealing or e1 





PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Moisture-stable insulation 











A ood xamn what in be lor 
g¢ imy at ¢ 
dD AAGS phtt ite is tl 
- ' itor for ar C 
I ) 4 
or tat¢ C C contac 
° of pulses ck 
‘ ort gnet. It incorporates 
r hr coppe ring na 
| ‘ g olds these 
> 

Res cing 

Pass a OOO-volt i ectric breakde 

4 0) 

Retain high dimensior Stability at 90 

( 90) elat midity 
+. Pos C icteristics that lead to 

‘ CC or and brust fe 

D 6694 meets these requiren 

ilsO provides critical dimension 
C C el n t terminalis and Orass 
pl ‘ 

Its abilit to do so suggests that yo 
consider it for similar electrical jobs. It’s 
the only type of plastic that retains high in 

ation values over extended periods at 





relatiy 


resistance, aS measured by ASTM D495 
(Method A or B) can be consistently re 


produced It does not corrode metal con 


humidities above 90 Its are 


tact points, and is virtually free from cold 
flow and creep 

For a data sheet detailing properties of 
Durez 16694 and of molded material. 


check the coupon 


Resin keeps them 
working 


Tested at 112 times their rated voltage 
ind 125°C ambient temperature, these 
silvered mica capacitors outdistance all 
the usual standards by lasting more than 
{8.000 hours 

To pack this much performance into 


UNE 19 


Phenolics for dip coating 


Electric motor shortcut 


space roug!i 
of corr in 
some pretty 
Ihe man 


Durez rese 





Cost cutter 


® 























‘ 4 ‘ ng 
w 4 Notice 
4 > L 
nex te 
Y« 
SeCOr tf ) ; ne res > i LU i a I \ 
oesn't melt o el back ' C to e bing tight 5 ere’s no 
Pp Lc I 1 t Nard dD tio Or o1o oO x» 
ping or cole coding I S gged ngs e molded of 
C1S Oo cor lor pegin wo l) 77 gr p Cc Giass T DeT 
e Capacitors ir ! C ced phenolic. This material f a 
of tf c reasor tor tr S 1S u cL c t HStortior point o! 600 °F Its dielec 
extremely tight batch-to-batch control con tric strength. as measured by ASTM D149 
litions under which the resins are pro 4s urs, 50 BR. 2374 s 400 v/mi 
juced at Durez short time. 300 v/mil step by step 
{re Ou ; on an electronic coat | ( see opportunity in these S 
ing problem”? Perhaps we can help. We e to the molder, Norco Plastics, Inc.. 
like to put 35 years of resin experience to 3888 North Fratr St.. Milwaukee 12 
work for ntormat Wiscons Fo lat on the Durez com- 
on Durez nds oO p poun W cr ne e made just 
Oating, cf cneck e COUPOT 
(morc noe ee ee + 


For more information on Durez materials mentioned above. 


Durez 16694, di 





| Clip and mail to us with your name, title, company address. (When re 
| samples, please use business 
L 


telfernead 


' 
enolic resin compounds for d CcOa | 


cc ce ce ce ce re ee ee ee es ee ee ed 
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PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


1306 Walck Road, North Tonawanda, N. Y. 








HOOKER 


Ped 
ate = 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








ign Engin 
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{ll-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


SILICON RECTIFIER 
vised edition of silicon rectifier hand- 
book, Catalog No. 67, contains 38 pages 


Completely _re- 


on theory of operation, manufacturing 


process, characteristics, 


engineering 


data, applications and_ specifications. 
Many characteristic curves are included 
in application section, plus illustrations 
and dimensional drawings. Sarkes 


Parzian, Inc., Rectifier Div. >621 


MICROWAVE TUBES —Thirty-six page 
microwave tube catalog details more 
than 100 klystrons, backward wave os- 
cillators, travelling-wave tubes and re- 
lated components categorized by end 
use. Heading list of products appearing 
for first time is Vaclon high vacuum 
pump, said to be most efficient ever 


developed. Varian Associates >622 


ELECTRIC POWER DRIVES Sixty-four 
page Catalog 258 contains illustrations. 
prices, modifications, specifications and 
dimensions on: a-c squirrel cage 


motors, Slo-Speed gear motors, right- 


angle gear motors, multi-mount speed 
Speed-Trol 
and right angle variable speed drives 
Sterling Electric Motors. Inc. >623 


reducers, variable speed 


SUBMINIATURE SWITCHES Bulletin 


covers line of precision snap-acting 
switches in basic form 


and with wide 


subminiature 
variety of actuators. 


Gives photographs, detailed drawings, 


276 


descriptions. operating characteristics 


and electrical ratings. Special design 
services and laboratory 
tests that provide certified data are 
offered. Unimax Switch Div.. The W. L. 


Maxson ( orp. >624 


acceptance 


GRAIN-ORIENTED SELENIUM RECT!- 
FIERS—Forty-eight page bulletin EPD 
3116-1 describes line of grain-oriented 
(TM) selenium rectifiers. Profusely illus- 
trated with photographs, charts. draw- 
bulletin 
provides detailed information on con- 


ings and performance curves, 


struction details, performance charac- 
teristics, application suggestions, instal- 
lation instructions. dimensions. Vickers 


Inc.. Electric Products Div. >625 
HIGH POWER DENSITY ELECTRIC 
MOTORS Four-page brochure de- 


scribes series of high power density 


electric motors resulting from two 
dec ides of resear¢ h and development. 


Available in 


custom designs, 


standard, modified and 
HpD motors are cur- 
rently used in applications covering 
broadest range of environmental and 
performance conditions. Motors are il- 
lustrated and described, with charts 
indicating hp figures in terms of weight 


and volume. Task Corp >626 


EPOXY PREFORMS sulletin 114 de- 
Epoxweld 100. 
nent epoxy preform used in automatic 


= ribes single-compo- 


or production joining, sealing or en 


capsulating metals, ceramics 


glasses 
and quartz. Includes data on curing 
temperatures, time cycles, sizes and 
shapes available, clearances necessary, 
applications and 
typical Epoxweld preforms. Durami 
Products, Inc. > 627 


suggested 
uggestec 


photo of 


THERMOSETTING LAMINATED PLAS- 
TICS page technical 


plastics brochure describes full line in 


Twenty-eight 
detail, including properties, character- 
istics and Government specifications 
Drawings, illustrations. text and charts 
give information on sheets. rods, tubes 
ind fabricated parts. Steps in manu- 


] 


facturing processes also illustrate 


Svnthane Corp >628 


TRANSDUCTORS Sixteen-page 
log T-10 on standard line of 
tors describes 2 designs: one oper 
bus bar use, and one enclosed for cal 
service. Available in 9 sizes, 6 of units 


4 closed and 2 open) are for 120-volt 


ipplication and 3 (open) for 240-volt 
ise. Capacities range from 200 
10.000 amp Accurac: of current meas 


urement is described. as well as other 
uses for transductors such as overload 
relaying, recording. and providing feed 
back signal or reference to magneth 
Control, Diy ot Magnetics 


Ine. >629 


amplifier 


MOTOR APPLICATION GUIDE 

[welve-page motor application guide is 
designed to make motor selection easy 
Skillful operation of matching motor 
characteristics and load requirements 


has been simplified. Application chart 


provides information on typical driven 


equipment, character of loads, startir 


and running torques. Also gives detail 


on line of polyphase, single-phase and 
d-c motors, }20 to 400 hp. Century Elec- 
tric Co > 630 


NUMERICAL DRILLING CONTROL 
Brochure describing DIGIMATIC con 
trol system for table positioning pre- 


sents analvsis of system's cost-saving 


advantages. Automatic drilling of typi 
cal part is illustrated step-by-step, and 
cost comparison with hand drilling is 
Includes f 


made. specifications of sys- 


tem’s three operating units: tape prep- 
aration unit. control unit and compound 
servo table. Electronic Control Systems 


Div., Stromberg-Carlson Co >631 


SUPER-ALLOY TUBING Small-diam- 
eter super-alloy tubing for applications 
requiring strength at high tempera- 
Bulletin 70 


physical and 


tures is described in 


Chemical composition, 
mechanical properties and preduction 
limits for 16 super alloys given. Graphs 
show ultimate strength. vield strength 
and per cent elongation at elevated 
temperatures for 8 alloys. Also shown 
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SELF-LUBRICATING 


V4 





prove a match for top payloads 
on ATHEY Rear Dump Trailers 


Oilite* Bronze Bearings have proven more than a match for the 


iiail 








22 and 34-ton payloads on Athey Rear Dump Trailers. [ Leos se | 
, : i PICAL PROPERTIES 

Oil-cushioned against shocks and impacts, these Oilite heavy-duty OF SELF-LUBRICATING BRONZE 
bearings have demonstrated that they will withstand years of OILITE BEARINGS 
punishment and still give satisfactory service. They require only 
infrequent lubrication and help Athey substantially increase the P 8-23 | 
dependability of its hauling units. Yet, Oilite Bearings « le Shimate Teauile 
than many other type bearings! Strength 8,000 
No wonder more and more designers are specifying popular Oilite Compre: 

. self-lubricating Bearings for motor vehicles, appliances, engines, Strength (psi) - - + + + 20,000 
power tools, machinery and countless other products Elongation 
Contact your local Ojilite Engineer today. He'll gladly provide mee es 

. complete design information to help you make your bearing pen EF es * 
and bushing applications low-cost, dependabie and maintenance- 
free. Look for him in your telephone directory under “Bearings eee ee eee 


OILITE” or write direct to Dept E-6. 


the most trusted name in powder metallurgy 


= AMPLEX DIVISION 
CHRYSLER CORPORATION, DETROIT 31, 


MICHIGAN 


LUe WG oC NOS ° - 


~! DION 
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fractional horsepower 


;vUs oO 


Skeleton Types * Gear Types 


ae 


We specialize in custom 
manufacturing all kinds 


ened of fhp motors. Whether | 
seattle beiied you need skeleton types | 
TO YOUR 
or gearmotors, standard 
SPECIFICATIONS : | 
or special, Molon can | 
supply them fast and at 
| 
low cost. Send for free | 
} 

| descriptive circulars 





Ltets 
0 ik 0 Y Motor and Coil Corp. 


WEST GEORGE STREET CHICAGO 18, ILLINOIS 
Circle 272 on page 17 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 





VAULT 


—= WITT 
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| 





11 KES rie Wa l in ELECTRICAL 
NIEANUEFACTURING Reader Inqui post cards o1 


ded insert 
wverhang the 
nagazine. Keep the insert spread 
mut as yu page through the issue. Circle th 


nt as vou go along. Trv it! You'll 


time-savel ilso can. serve 








in graph form are preliminary stress- 
rupture tests on 15 super alloys. Su- 


perior Pube Co. > 632 


LUMPED CONSTANT DELAY LINES 

Four-page data sheet No. 107 describes 
special and standard lumped constant 
delay lines. Covers special delay lines 
with unusual characteristics which re 
flect new advancements. Also lists over 
delay 
standard impedance 
ranges from 50 to 100 k ohms and de 


= 


275 different lumped constant 


lines covering 
lays from 0.25 up to 5000 psec. ( 


trol Electronics Co Ine > 633 


INFRARED OPTICAL GLASS —Brochur 


PDs-4 gives physical properties and 


speciications on Servotrax arsenic 
sulfide glass stable non-toxtl nor 
COTTOSIVE homogeneous glass  whicl 
trans! trared, Ov 0 ditt 

| il la ipproxima | < ¢ 

I le es. and a numbe 

il | =t itt | ~te 1 i ! 1 I el! 

Cory Amer >634 


SELF-SEALING FASTENERS -}our-pa 


catalog H describes and illustrates line 
high pressure sel f-se aling Ser 

-krews. Seelbolts. and Seelrivits f 

dus il ind litar Fastene 
| lus ind 1 
signed vibrati I 

ritica eal y ppl i I I 
presented Dy i of li ra g 
- pt \t i 1 I 

ind thread sizes. Automatic & Pre 

sion Mfg. Co > 635 


10-POSITION TURRET ATTENUATOR 


Bulletir describes 10 


pull 
p ete i size 
rugged ruct req g 
d-c to SOOO me ill il ) 
ap d-¢ to L000 me on values 
60 dl Inelud es pt p 
iting i =p itior 
Stod \ i Ra Clo > 636 
FASTENERS —Forty-page ner 
log gives detailed specificati eng 
eering jrawing applications i 
instal ol I tion. Da 1 hing 
lock ind spring-loa led link-lock é 
given, as well letails on other sy 
lal taste rs: lual-lock jul k-lock 


roto-lock, spring-lock and regular link 
lov K Simmons k isteners ( orp > 637 


GUIDE TO METALLIC POWER RECTI- 
FIERS—Fully illustrated 32-page guide 
to metallic power rectifiers utilizing 
germanium, silicon and selenium semi 
conductors covers widely varied appli- 
cations for rectiher equipment such as 
battery 
cleaning, electroplating, aircraft ground 
supplies and others. For each 


application there is a detailed descrip- 


inodizing, chargers, electro 


power 
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If it’s speed you're after... 


call a Hoover Man 


Hoovers not directly involved with space want in aluminum or zine alloy castings. 
travel. But we're a down-to-earth com- you can count on Hoover for speedy 
pany serving many topflight industries. service. We'd like to prove it to you. 
We produce quality castings, and have Call one of our Sales Engineers . . . he'll 


been doing it for 36 years. Whatever you sive you the whole story. 


WU THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since | 
In Canada — Hamilton, Ontario 


DIE CASTING » HOOV 


Circle 273 on page 17 





eS 
$30 v0, 

Li 
IT 


/ 
j 


sub-miniature »/ 
relays 
with high performance 


characteristics 
Q 


A 
MV Vibration: 10 to 34 cycles per second at maximum excur- 
sions of .4”. 34 to 2000 CPS 20G's acceleration. 


crystal can Weight: 0.45 ounce (max.) 
. Size: .875” high x .797” wide x .359” thick max. 
SiZe Pull-in Power: 250 milliwatts at 25°C. 
Contact Rating: 2 Amps resistive at 32 VDC or 115 VAC. 


Vibration: 10 G to 500 cps. 


E 
N M Weight: .09 oz. 


Size: H: .530” +.015; W: .392” +.010”; D: .196” +.010”; 
the famous Lead length: 1.5” +.0625”. 
Pull-in Power: 100 Milliwatts. 
\ NEOMITE Contact Rating: .25 Amp at 28 VDC resistive load. 


c Vibration: Low Frequency—10 G's, 10-55 CPS 
(total max. excursion, .06”). 
...and High Frequency—15 G's, 55-2,000 CPS. 
annou ncing Weight: 1.5 ozs., approximately. 
Size: V3 +l” sq. x 1% +l ° 
WMOCICRMAM § Pull-in Power: 340 Milliwatts at 25°C. 
VG Contact Rating: 5 Amps at 26.5 VDC or 115 VAC, 
60 Cycles resistive load. 
Shock: 100 G's, per MIL-R-5757C, Shock Test II. 


‘he 


! 


dvance Sub-miniature Relays 

are ideal for critical aircraft and mis- 

sile applications. They feature small size, low 

weight, and high-precision performance. All 
have low power requirements. 


rT) 
0 g 
; | 


Write today for 
complete dato sheets. 


AVAILABLE FROM LEADING DISTRIBUTORS 
povANce 


“SE” =ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
nai ELGIN NATIONAL WATCH COMPANY 


Dept. C, 2435 N. Naomi St., Burbank, California 
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tion, including operational character- 
istics of components used. Sel-Rex 


Corp. > 638 


CARBON AND GRAPHITE BRUSHES 
Line of carbon and graphite brushes 
for all types of rotating electrical ma- 
chinery is described and illustrated in 
2-page bulletin, “Brushes for Elec- 
trical Rotating Machinery.” Detailed 
information given on = selecting right 
brush for specific job, considering such 
factors as contact drop 


graphite 
design 
brushes Speer Car 
bon Co 


VARIABLE TRANSFORMERS 
dred page POWERSTAT 
transformer Bulletin P258C 


reference manual-catalo 


specity or who want 
about variable transformers 


product intormation, engine 


outline drawings, connections 

charts and illustrations on all standar 
50/60 evele POWERSTATS 
special-use types. The Super 


Co. 


A-C VOLTAGE REGULATOR — [ech 
cal data sheet describes universal 
voltage regulator Model APR1010. De- 
tailed explanation given of operation, 
covering rms, average and peak re 
tion. and 5 different sen-in 

ments. Also shows how variet 

ing facilities allows unit 

a-c or d-c loads at any volt en- 


sen & Co., Inc. > 641 


ELECTRICAL CONNECTOR SELECTOR 
Slide rule type calculator provides 
complete electrical and mechanical 
specifications on all standard 
Continental Connectors. The 

in. wide pocket-size rule can 

ried easily. On reverse side of rule is 
body molding comparator that provides 
values of various properties of plasti 
compounds used in molding connectors 
DeJur-Amsco Corp. >642 


LOW - TEMPERATURE CONVERSION 
TABLE—Pocket-size table is unusual 
that conversions include degrees Celsius 
(Centigrade) to degrees Fahrenheit 
and Kelvin from absolute zero to 0 
deg C. Of particular interest to engi 
neers and physicists working with very 
low-temperature materials such 
liquid oxygen and other liquified gases 
Trans-Sonics, Inc. > 643 


DISTRIBUTION TRANSFORMERS 
Technical bulletin No. 135-A describes 


ELECTRICAL MANUFACTURING 





Offices and Piants 


Atlanta, Georgia 


Handy & Harman 
Sil-Fos Silver Brazing Is 
Used by Induction Motors Corp. 
in 5427 Different Motors 


n Motors Corp. of "esthi 5 Ne 

:, and Maywood, Califo: } } 

stand ng re putation as a designe? and 
sub-fractional horsepowe? 


} igh performance reasons 


This large variety of motors, blowers and 
fans for an equally large variety of applica- 
tions, stems from 15 basic motor frame sizes 
depending on length, pole materials, wind- 
ings, groove angles and the like. 
Handy & Harman silver alloy brazing is con- 
cerned with brazing the rotors. Each rotor 
whatever the size) is joined by a preformed 
ring of Handy & Harman SIL-F0Os, by induc- 
tion heating — at an alloy cost that is reck- 
oned in pennies. For example, the alloy cost 
per 7s” frame is two cents per joint, or four 
cents per complete assembly. 
That’s an example of the economics of silver 
alloy brazing. Performance requirements are 
quite another thing — and they are unques- 
tionably stringent. Many of these motors are 
used in aircraft and missile work and must, 
of course, meet the most extreme environ- 
mental conditions. 


Strength alone would be reason enough to 


¢ Bridgeport, Connecticut ¢ Chicago, Illinois «* Cleveland, Ohio 
Oakland, California * Providence, Rhode lsiand ¢* Toronto, Canada 
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SOURCE OF SUPPLY 


AND AUTHORITY 


ON BRAZING ALLOYS 


MANDY & HARMAN, 


HANDY & HARMAN 


General Offices: 
82 Fulton Street, New York 38, N. Y. 
Distributors in Principal Cities 


Detroit, Michigan 


Montreal 


Canada 


El Monte (Los Angeles) 


California 
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LV yve LD transtor ers featuring redu 


of as much as 20 per cent it 

height and weight. Gives electrical and 

echanical characteristics standard 

tap ratings. bushing terminal sizes and 

other tactor- Sections also le voted to 

TOOL LIFE -ummaryv o ialit control practices 


INCREASED graff Manufacturing Co > 644 


30% SUBMINIATURE TEFLON TERMINALS 
oOo hight-page italog gives dimensions 


OR MORE... astra and sdeseibes 





...With miller 


PLASTICS MATERIALS FOR INDUSTRY 


dive 





PHOSPHOR BRONZE oe K check 5 


*A leading manufacturer of wiring device — 
assemblies reports: ‘Miller 200-PLUS 


NT MAGNET 
phosphor bronze, with its great form- PER MAneneTe = . 





MIagnet D . ig 
ability, has significantly reduced our me No 1 
need for tool sharpening, and all indi 
cations point to a greatly increased tool 
life. In addition, | get a more consistent P 9 y 
part, with more uniform shape and " — le 
springback.”’ stabilizatio ynetiz 
The secret’s in the 200% ductility tinished is & Sh 
increase of Miller 200-PLUS. Forming | » 647 
ability goes way up... . tensile strength 
ee aa remains the same! The result is far less 400 CYCLE MOTOR-CLUTCH GENERA- 
abrasion than with other phosphor TOR SETS —Bro giv - 
bronzes in spring temper—and tools oe Ee Pee eee 
that last one-third longer! ee Seas 
itor itl t Y ind load Witt ie 
WRITE FOR TECHNICAL DATA ea ar ahile is, Sia 
Manufactur { >648 
SWITCHES, JACKS, PLUGS, CONNEC- 
TORS Twenty-eight page catalog S-58 
contains illustrations, prices, schet 
ties specifications ind dimensional 
adrawings ¢ indreds ot electron 
components. S heraft. ly >649 
Typical of problem parts that ROLLING MILL 
cause abrasion to tool parts is CERAMIC MAGNET PULLEYS —Bull: 
this electric range switch com- DIVISION tin 1021 describes Series “410° and 
ponent. Greater formability of p - =)" 7 PEE, pT Ee ee a 
200-PLUS means less abrasion THE MILLER COMPANY ets } roa rae a ae ; i 
longer tool life. MERIDEN, CONN oo a ee oe eee ee 
conveyor syvstem- Performance advan 
tages of these pulleys over electro 
.WHERE PHOSPHOR BRONZE !S THE MAIN LINE-NOT A SIDELINE nagnetic types are discussed, with ex- 
282 Circle 276 on page 17 ELI ‘ 
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CUTLER’-HAMMER 





Panel builder 


News for and about Panelbuilders 











NEW OIL-TIGHT CONTROL STATIONS PERMIT 
BASE OR COVER MOUNTING OF CONTROL UNITS 


‘To meet the growing demand for greater 
flexibility in the assembly 
control stations, Cutler-Hammer 
developeda new line of precision die cast 


enclosures. These new Cutler-Hammer 


of oil-tight 


Control Stations are unique in the fact 
that they will accommodate cither 
cover or base mounted control units 


with equal facility. Many have shown 
a preference for these new control sta- 
tions a base mounted push- 
button, indicating light, etc. eliminates 
the necessity for hinged wiring 


bec ause 


One to Sixteen Unit Control Stations 


Matching Cutler-Hammer Oil-Tight 
Control Stations are available in eight 
sizes, the largest will hold sixteen con- 
trol units. The hinged covers on the six, 
nine, twelve, and sixteen unit enclosures 
are snap removable for added working- 
room during assembly and alterations. 
The one to four unit enclosures are 
available in either the normal depth or 
exclusive shallow depth for use where 
space limitations are critical. The 
shallow depth enclosure is only 2%" 
deep and will accommodate one double 
contact block for each control unit. All 
normal depth enclosures, including 
sizes six and nine, permit a maximum 
of four circuits per control unit; while 


the twelve and sixteen unit 


provides six circuits per control unit 


Oil-Tight Cavity Mounting Cover Plates 


also 


oil-tight 


Cutler-Hammer 


complete line of ver plates 





for cavity mounted control stations 
Machine designers and panelbuilders 
have shown a marked preference for 
Cutler-Hammer Oil-Tight Control 





Units for cavity mounting because one 
double circuit contact block takes 40% 
less space behind the panel than the 
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DESIGN FLEXIBILITY 


NEW TRANSISTORIZED RELAY 
COMBINES FINE-SENSITIVITY 
WITH HEAVY-DUTY CONSTRUCTION 





Many panelbuilders yund this 
new Cutler-H ransistorized 
Relay be par iseful when 
ever their contr roblem s call for an 
A-c re vt spond to either 
an A-c or D-c sig en .002 and 
< amperes. | r s compact 
re ; the plug ignal amplify- 
ng mod A I all the ele« 
ron parts. This tough module is 
practically indestructible, and the plug- 
n design insuresr 4intenance 
s down é minimum. The 
B n | 5 trans r i relay re 
juires no warm t is excep- 
nally quick in peratior Relay is 
rated at 10 amperes Its and the 
price is unusually low. Cutler-Hamme: 
also offersconducti juid level probes 
and photo-cell inits i r ise with the 
transistorized relay. For further infor- 
mation, write today for Bulletin 13535 


next smaller unit. Also additional con- 
tact blocks are easily tandem mounted 
providing as many as eight separate 
circuits in any « normally 
open or normally iosed pnt 


ombDination ol! 


acts 


C-H Master Design 


For further information about these 
versatile oil-tight control stations and 
heavy-duty pushbuttons and control 
units, write today on your company 
letterhead for the illustrated booklet, 
EL-178, C-H Master Design 
CUTL ER- HAMMER In 1264 St 


Paul Avenue, Milwa Visconsin. 








Th 


TRANSFORMERS 


Designed and Built 
in accordance with MIL-T-27A 


DELIVERED FROM STOCK! 














Vi te RANGE OF RATINGS 
meus $$ $$ | 
4} 400 CYCLE 
See eee a eee ean ay ae 
Your local electronic parts |Power wae aoe _ a 510 V. CT 
. 0 y 
distributor can give you fast |Filter Reactors 40 to 300 DCMA. 2.0 henries | 
delivery on hundreds of types a Ae CT, oo 20 Amp. 
SL irensorees desinenand 6 
built in accordance with |MILITARY STANDARD _ ie een | 
MIL-T-27A specifications. |Power re - a 400 V. CT 
oO TOL 
They are in stock, backed up | Filament 2.5 to 6.3 V., 2 to 20 Amp. 


50 to 15,000 2 pri., 4.0 
to 135,000 © sec., .03 to 2.0 W 


by the largest factory inven- |Audio 


tory of military transformers 


in the industrv. TRANSISTOR AUDIO 


aa 
60 2 pri., 10 2 sec., .OS W 

100 to 500 2 pri., 200 to 5000 2 sec., 
03 to .25 W. 

100 to 2000 2 pri., 100 to 200 & sec.., 
05 to .5 W 

20 to 9800 © pri., 4 to 15 @ sec., 
05 to 10.0 W 















iInput 

Interstage 
Ask your distributor for 
CHICAGO Catalog CT3-57, |Driver 
listing detailed electrical and 
physical specifications on 
these units, or write to |GENERAL TYPES 


Chicago Standard Trans- |Power 10 to 300 DCMA, 500 V. CT 
former Corporation. to 1100 V. CT 

Filter Reactor 10 to 300 DCMA, 8 to 15 henries 
Filament 5 to 10.0 V., 1.25 to 5.0 Amp. 


Multiple Filament 5 to 12.6 V., 1 to 6 Amp 

Audio Input 50 to 20,000 2 pri., 150 - 50,000 2 sec 
Audio Output 300 to 20,000 © pri., 4 to 600 2 sec 
Saturable Transformers] 2.7 to 18 W. power output 





t Under Military Reduced Inspection Quality Assurance Plan (RIQAP) 


CHICAGO STANDARD TRANSFORMER CORPORATION 


3506 Addison Street, Chicago 18, Illinois 
Export Soles: Roburn Agencies, Inc. © 431 Greenwich St. © New York 13, N.Y. 
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planation of efficiency achieved by 
“radial pole design.” Stearns Magnetic 
Products Div., The Indiana Steel Prod- 


ucts Co >650 


TEMPERATURE CONTROLS -— Fight- 
page condensed Catalog 400 furnishes 
unusual amount of specifications in ad- 
dition to descriptive data. Includes gen- 
eral-purpose, dual switch, explosion- 
proof and indicating type units. Illus- 
trations, capabilities, limitations, ap- 
plications, featnres and variations for 
each control are given. Containing 
over 160 standard types and models 
catalog is classified for rapid reference 
and readabilitv. United Electric Con 


trols Co >65] 


SLIDE SWITCHES Bulletin Ne. 366 on 


expanded line of slide switches in 
cludes new heavy-duty 3-amp switches 
Included are ratings and dimensional 
drawings of each switch. as well as 
switching arrangement diagrams and 


technical data. Full information given 
ol Series x00 heavy-duty -amp 


<witches designed for fractional horse 


power motors and other motor-driven 
appliances. Continental Carbon, Div 
of Wirt Co > 652 


INSULATION FOR LARGE MOTORS 
AND GENERATORS —Twelve-page book- 
| 


let on “Thermalastic.” insu 


ation sys 

tem for large motors and generators, 
hire is condensers and frequency 
hangers. describes advantages ot 
Thermalastic insulation that extend life 
heavy rotating equipment in hard 


service. Laboratory test charts are dis 


issed showing lower power tactor 
higher tensile strength. greater voltage 
endurance and dielectric strength, and 
waterproof characteristics Westing- 
house Electric Corp ~653 


SERIES WOUND MOTOR-—Four-page 
bulletin 1034 describes construction 
ind operation of Type FSE-23 motor 
designed for use in such intermittent 


duty applications as adding machines, 


calculators and actuators. Motor is 
series wound, self-ventilated, 1/40 hp, 
has nominal speed of 5000 rpm. Bodine 
Electric Co > 654 


MINIATURE CHOPPERS —Svyucroverter 
data file contains number of individual 
specification sheets on various models 
of Syncroverter miniature choppers and 
an illustrated descriptive bulletin. In 
cludes specifications, operating chat 
acteristics, coil data, frequen y and 
environmental limits. The Bristol Co. 
\ircraft Components Diy >655 


BEARING LOCKNUTS—Four-page bul- 
letin describes positive self-locking 
“Bearhug” locknut for retaining anti- 


friction bearings on spindles and 


ELECTRICAL MANUFACTURID 


shafts. Design and performance fea- 





DESIGN FLEXIBILITY 
plus PROVEN PERFORMANCE... 





When you build-in R&M Motors... 
you build in customer satisfaction 


R&M Universal Motors have proven to be dependable 
performers in hundreds of OEM products used by millions 
of satisfied customers. You can be sure your product 
will give more years of reliable, trouble-free operation 


if it's powered by R&M 


foot mounting 





Design engineers prefer R&M Universal Motors for their 
broad design flexibility. Consider these variables on 
standard models: AC or DC operation... 1/50to 1/2 hp 

. pad, foot or end mounted rotation in either direc- 


tion open or totally enclosed. Custom designs with 


end mounting 


special ratings are also available 


Build customer satisfaction into your next product! Write 
today for R&M Bulletin 444-EM! 


ROBBING ¢ MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
TY oa 
— id rs a 
TOE i287} Gs) Gers “+ 
a i> Sxf~ 





pad mounting 


+) ( & cd 





a - Y ™ 
— 2 moveTma) @ 
MOTORS FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 


Robbins & Myers build motors 
from 1/200 to 200 horsepower 
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shafts. Design and performance fea- 
tures, dimensional drawings and _ table 
aid in se lecting right nut for job. Bear 


ing Locknut & Machine Co > 656 


ELECTRONIC CIRCUITRY PROCESS 

“Beck. Circuitry” can be made flush 
with surface of laminate or completel 
imbedded, is insulated, impervious to 
moisture, humidity, corrosion, and does 
not require plated holes or ise ot eve 


lets Brochure describes n ior teatures 


ipplications. Beck’s. In >657 


POTENTIOMETERS, DIALS, INSTRU- 
MENT MOTORS. Catalog No. BED 


\90 features spe ial data and e1 net 


ing intormation tor electroni desig 


engineers on micropots., microdials and 


motors | mearity detinitions resolu 
tion curves power rating curves @ ‘s 
pli itions, operation and other data 


ire included. Borg Equipment Di 
The George W. Borg Cory > 658 















é + 
PRECISION MINIATURE BALL BEAR- 
INGS SiX-page « italog supplement NI 
vives details « iniature line I 
il j ensions tolera es I t 
values t it d dvnami cap 
Ne “- and)» limitin speeds. Metho used 
A When the tension’s terrific and a life hangs and timiting sy} ! | a . 
company tor heat-treating stair 36 
| on the balance. Beckman Frequency Meters read ! 
} steel illow material to retai nal 
ee ness ana remain dimensionally stable 
where ivallable lubricants presently 
permit <u esstu bearing operation 
The B le Corp >659 
BECKMAN FREQUENCY METERS read right on the 
COUPLINGS [welve-page catalog (¢ 
sutton: on the run, on the fly, at an angle, ata - 
button: on the the fly, at an angle, at 10-4 
Fe 7 210 features comprehensive 
distance. It’s the expanded scale that does it. 
; couplings. including variety of types 
ie-cast a steel hres bore 
HOW? The jammed-up, useless divisions at the end of the die-ca ind steel, hxed 
a is ae TA ieee bushed Ly pe rigid flexible ind 
scale are ruthiessly prune 
Catalog features complete new li 
WHAT'S LEFT? The vital part of the scale. fanned out for “unbreakable” malleable jaw couplir 
stohact f hl ada bilits solution and accurac in both fixed bore and bushed type 
highest possible readability, resolution and acct 
Browning Manufacturing Co > 660 
ST HOW ACCURATE? 0.5% at 400 cps, 
0.75% at scale extremities. MINIATURE AND SUBMINIATURE 
. 1 . LEAD FORM USES | literature or inl 
1 TIO. > Ror na ln unting on the grour inthe : 
LCRTERNET Or Ge mening om te grauee iture and subminiature lead forms us 
and test equipment anywhere. Wherever accurate in construction of transformers. ind 
idable monitoring of frequency is a must tors and other components shows both 
ll “in-process” and “end use” of lead 
> Reckmar reauenc\ ‘ters al mal 
Beckman I requency Meter are sm forms whic l, provide coil mounting 
transformer and expansion network are iota need wiabte Dla tnemstnstinn of Guns 7 
ly self-contained in a ruggedized case. wires. Also explained is lead form us 
' Pirnaanted tn Actail in data fle 64) with cup cores, toroids and steel tape 
transtormers which eliminate soldering 
fine wire to special pins in the her . 4 


metically-sealed headers. A-1 Precision 


Products > 661 
Newport Beach, California 


Helipot = 4 division of 


TEFLON-INSULATED WIRE AND CA- 
Corporation Beckman Instruments, Inc 


BLE Four-page brochure describes 


‘ 


201” ino F afatiy 
Engineering PE eernaree facilities and processes of this produce I 


Sia a tee Renal ool 
in principal citles of high-temperature insulations or 


magnet wire, coaxial cable, hook-up 
wire. lead wire. lacing cord. Folder 


1176 presents policies and describes proce 
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MALLORY 


...the Complete Line of Batteries 





for All Applications 


Mercury Batteries... 


Mallory p oneered and deve oped the mercury battery now 
makes a complete line of single and multiple cell units for al 
major requirements. Electrically, the mercury battery is 
ideally suited to transistorizea circuitry mechanically, the 
mercury battery provides the smallest power unit for mini 
. ature and portable equipment of all types 
Zinc-Carbon Batteries... 
Mallory makes a complete line of zinc-carbon batteries that 
serve most requirements of portable radios, instruments 
flashlights, photoflash equipment, and special services. Avail- 
ible in “A’’, ““B” and packs, these Mallory Batteries give 
lependable service where ey! sed 
Solidion® Batteries... 
One of several more recent Mallory developments is the new 
solid-state “Solidion” battery. Having an indicated life of 
5 vears or more, this is a truly dry battery, with no liquid 
electrolyte whatever. A 50-volt stack oc« upies less than U.z 
cubic inches—weighs less than 0.3 ounce. Voltage is stable 
even at extreme temperatures. 
Long-Life Chargeable Cell... 
Developed by Naval Ordnance Laboratory, and now avail- 
able from Mallory in limited production quantities, is a new 
lead oxide silver cell with unique properties. It is manufac- 
tured as an inactive cell and charged when ready for use. It 
can be stored indefinitely in the inactive state at any tem- 
perature likely to be encountered. Service life is exceptionally 
long. Voltage discharge is constant over a wide range of 
temperatures and discharge rates 
Look to Mallory for all your battery requirements—and look 
to Mallory Batteries for most dependable service in any 
s 


equipment. Write to us today for technical data and consul- 


tation on your specific applications. 


' MALLORY BATTERY COMPANY - CLEVELAND, OHIO 
I ‘ Latter» ( I ed, Toronto 4, Ontar 


a division of 


Parts distributors in all major cities stock Mallory 


| 
siehilened emeincaaiins: Sie M PLATS eae eee Y 
| 


P. R. MALLORY & CO. 


your convenience, 





Serving Industry with These Products: 





Electromechanical — Resistors © Switches © Tuning Devices © Vibrators 
y 


Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 





Metallurgical — Contacts e Special Metals © Welding Materials oe De Ste 
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United States Gasket specializes in difficult moldings involving 


precision tolerances, intricate shapes, delicate wall sections, inserts, 
molding around metallic structures, inside and outside threaded 
parts, etc. 

They are equipped with unusual ‘know-how”’ gained as pioneers 
and leaders in fluorocarbon plastics fabrication, and the most 
modern specialized facilities and techniques for cold molding and 
sintering of TEFLON* T.F.E., as well as the injection molding of 
KEL-Ft and the new thermoplastic TEFLON F.E.P. 

Send us your difficult fluorocarbon molding problems for quotations. 
And call upon us, too, for your requirements of fluorocarbon and 
nylon sheets, discs, tape, rods, tubing, bars, cylinders, etc., from 
the world’s largest and most complete stocks. 


Pont Trademark For prompt service, contact one of The Ga k Packing 
M.M.&M. Trademar Company's:30 A 


3 Sale omces and ware! 


nited een 

tates 

asket Plastic. Duision of 
GARLOC KK 
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dures in magnet wire department, 
processing department, testing labora- 
tony, extrusion department. American 


Super-Temperature Wires, In > 662 


PRECISION-ROLLED METAL STRIP 

Pamphlet is designed to help the elec- 
tronics engineer select the right preci- 
sion-rolled metal,strip for his specifi 
application, Feature of pamphlet is al 
phabetically arranged catalog of elec- 
tronic parts and components, showing 
precision-rolled metals used in their 
manufacture. Applications are given 
for rarer metals now coming into 
prominence such as niobium, zirconium, 
tantalum and titanium. American Silver 
Co > 663 


SOLENOID VALVES FOR NUCLEAR RE- 
ACTORS—Four-page brochure on sol 


enoid valves for nuclear reactors con 


tains illustrations of many solenoid 
valves supplied for primary and_ se 
ondary systems I pressurized wate! 
reactors. Speciiications and applicatio 
a ita ire Ine luded to 11d tl . ae =I 


SILECTRON STEEL Sixt: 


sheet on Silectror vrain-oriented 
rolled 3 per cent silicon steel, entitled 


Allegheny Ludlum Silectron 14 Mil 
nd 12 Mil.” has 2 tables and 10 


typical curves, grading, annealing cycle 
ind other information This type of 
steel is ised primar lv in motors and 
laminations for power transformer 

Allegheny Ludlum Steel Cerp > 665 


POWER SUPPLY APPLICATIONS 


Four-page bulletin 350 describes powe 


| 
supplies on basis ot ippli ition lab 
itory, transistor, automation. I[llust1 
tions show tvpical power s ipplies tk 
eact category Co preher sive ene 


neering chart gives electrical and physi- 
cal specifications for all models. Elec- 
tronic Measurements Co., I > 666 


PLASTICS FOR ELECTRONICS F our- 
page short form catalog gives brief 
descriptions of various materials avail- 
ible in lines of ECCOSORB microwave 
absorbers, STYCAST isting resins, 
ECCOFOAM plastic foams, ECCO- 
STOCK plasti rods and sheets, ECCO.- 
BOND adhesives, cements and sealants, 
ECCOSEAL impregnating resins and 
ECCOMOLD laminating resins. Out- 
lines high points of products covered, 
enabling reader to select material 
which meets specific requirements. 


Emerson & Cuming, In > 667 


INDUSTRIAL AND SPECIAL-PURPOSE 
TUBES Twenty-page booklet 86-0204, 
entitled “Easy-Guide for Reliatron 
Tubes: Industrial and Specia!-Purpose 


ELECTRICAL MAN 4 








2,000,000 DEFLECTIONS 


Severe 
fatigue tests show Duraflex,’ Anaconda superfine-grain 


Phosphor Bronze, permits far higher design stress 


geen lig. 
“ cxcmeens © 


THE CARLSON | 
COMPANY | 


Compete capeeerng and manefactariag sermces eciuding 67: gt amt Gevelepeeet of speriad machinery, mechesecal protect: ead wpring actenieg mechentums, 
Stree snatch, spring Gesege swetalerpical Gata. heat Westmont plant layect, capierering reperts, selection of materiat: ant cqsipment. Tesls and preducts. 


ober 25 








Spring of Alloy A Phosphor Bronze, 
shown actual size, which broke just after 
500,000 deflections. Micrograph (75x 
shows typical grain structure of this metal 





Spring of Duraflex showed no appreci- 
able loss of load after 2,000,000 deflections 





in same test. Micrograph (75x) shows typi- 


cal superfine-grain structure of Duroflex. 


Duraflex is a registered trade-mark for a higher 


quality phosphor bronze in sheet and wire forms, DURAFLEX 


recently developed by American Brass Company Superfine-Grain Phosphor Bronze 
research. Yet it costs no more than regular phosphor 


A product of 
bronze. For detailed information—for a copy of the 


@) 


test data—write The American Brass Company, 
Waterbury 20, Connecticut. In Canada: Anaconda 
American Brass Ltd., New Toronto. Ont. Made by The American Brass Company 
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Reprints now available 
on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematics 


H ow are you on the log-log scales with 
vectors and complex functions—not to mention 
the hyperbolics? 


“SLIDE RULE MATHEMATICS” —tre- 
printed from the March-April issues of ELEC- 
TRICAL MANUFACTURING—offers a prac- 
tical guide to the understanding of the slide 
rule and its application to engineering prob- 
lems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the 
popular “Capsule Calculus” and “Fundamentals 
of Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include: 


e Uses of the Basic Slide Rule 

¢ Variations on Basic C-D Operations 
e Trigonometry 

e The Log-Log Scales 

e Vector Diagrams 

e Phasor Calculations 

e The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each. 
Send remittance with order (adding 3 per cent for 
New York City delivery) to Reader Service Depart- 
ment, The Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 


a neneeeieeen ane inbnendeeneas oapEn FORM -—————————----— 


Director, Reader Service 
ELECTRICAL MANUFACTURING 
i250 Sixth Avenue, New York 20, N. ¥ 


Enclosed is our remittance ———————cash ; ———————cheeck ; 


for —————- copies of the 20-page reprinted article “SLIDE RULE 
MATHEMATICS.” 


Mail copies (postpaid) to 





Lv pe $s, F inh lude~ ew sections on cam- 


era tubes and radiation detection tubes. 
Bold tube type numbers for quick loca- 
tion. and open stvle data for easy read- 
ability are features of booklet. For 


spec ial-purpose tubes. large clear tube 


socket diagrams are shown on same 
page as associated data. Westinghouse 
Electronic Tube Div > 668 


RELAYS, SOLENOIDS, SWITCHES, 
COILS Thirty-six 


Catalog No. 58 


page engineering 


describes and illustrates 


line ol telephon: type, general purpose, 
switching. bank assembly, d-c and a- 
relays Included are — specifications, 


operating data. dimensional and mount- 


ing data. applications. Also described 
ire laminated a- and solid-frame a- 
and d-e solenoids switch blade assen 
blies. and standard and special coils 
Included are haracteristic curves, 
sizes and mounting data for above 
Comar Electric Co > 669 
MAGNESIUM ALLOYS —Fifty-four page 
hooklet describes properties, uses, ap- 
plications and advantages of magne- 
sium. Booklet gives details on mag 
nesium’s machinability, lightness t 


weight. weldability, design efficiency, 
durability. strength and bulk stiffn 
\pplications. specifications, properties 
and advantage- are discussed White 
Metal Rolling & Stamping Corp. 670 


POWER OSCILLATORS Information 
ind product brochure on ELIN pre 
sion power oscillators includes phot 
graphs and descriptive material on i 
strumentation line. Presented with 
to-date technical information prepared 
in text and graphs. Other instrument- 
described: time correlation — syster 
bridge channel tester and unity gai 
power amplifier for airborne use. Ele 
tronics International Co >67) 


PULSE GENERATORS —-Vlode! 34508 
me pulse generator is described in 
page booklet. Complete specifications 
large instrument photo and typical ap 


plications are included. Model 3460A 


me double pulse generator is discussed 
in 3-page booklet giving complete 
-pecifications and large’ instrument 


photos, including a front panel close 
up. Electro-Pulse. Ins >672 


SOLID FILM LUBRICANTS Catalog 
No. LB-6-1157 presents complete fam 
ily of solid film lubricants formulated 
to solve lubrication problems which 
arise under conditions of: high tem 
perature (to 1500 F), low temperature 
( 300 F). corrosion resistance, high 
loads (225.000 psi) high speeds (to 
30.000 rpm). These coatings can be 
applied and bonded to the surface of 
all metals and their derivative alloys. 
Fight different lubricants and their 
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GARBAGE GRINDERS 





LOW-COST, HIGH QUALITY ACRO APPLIANCE SWITCH 


e Precision snap-action switch 
a (rolling spring type) 


e 2 horsepower rating 125 v A.C. 
e Compact design 


techniques make it available to 
you ata really low price. ACRO 
rolling spring principle assures 
“‘bounce-free’’ snap action and 
e Spade terminals longer life. 


e Silver contacts 


WRITE FOR DATA SHEET 





e Beryllium copper spring members 


ACRO LIQUID LEVEL SWITCH 


You can’t buy a higher quality or 
FOR APPLIANCES 


more dependable door or control 
switch for appliances than this 
new ACRO Appliance Switch. Yet 
ACRO’s modern mass production 


Dependable control of water level 
in automatic washers anddishwashers, 
and liquid level in beverage dis- 
pensers and similar equipment is 
assured by this sensitive ACRO con- 
trol device. Pressure changes in the 
fluid (or air) to be controlled, are 
transmitted to a pressure compoart- 
ment, which causes a diaphragm to 
actuate oa snap-action switch. 





® Factory calibration to close tolerances 
e Wide range of operating pressures 
® Underwriters labeled 20 amps., '/. HP, 
115-230 v A.C. @ Unaffected by over- 
loads to 60 psi © Corrosion-resistant 
e Available as multi-level or single 
level control. 





® 
r CONTROLS COMPANY 


ACRO DIVISION « Dept. 256, Columbus 16, Ohio 
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THESE 
CERAMIC 
MAGNETS are 














LATCHES 
DRIVES 
ToYs 
RELAYS 
COUPLINGS 
ROTORS 
1ON TRAPS 
CONVEYORS 
MOTOR FIELDS 
ARC SNUFFERS 
SEALS 
MAGNETOS 
SONAR DEVICES 
LIGHTNING ARRESTORS 
GENERATORS 
TRANSDUCERS 
HOLDING ASSEMBLIES 













Here are just a few of 
the outstanding advantages 
that make magnets of low- 
cost Stackpole Ceramagnet 
practical for applications 
where magnet design or pro- 
duction problems may have 


- and many more 
been insurmountable before 


NO KEEPERS NEEDED Stackpole Ceramagnet 
(ceramic) magnets are almost impossible to de- 
magnetize in normal use. Usually, no keepers, 
pole pieces or other closed circuits are needed 
Magnets can be placed close to opposing mag- 
netic fields and often made in thinner, broader 
shapes—without loss of energy. 
NON-CONDUCTIVE Because they have almost 
infinite electrical resistance Ceramagnet perma- 
nent magnets may be used as non-conductors in 
high-frequency and high-voltage equipment. 


CHEMICALLY INERT These unique ceramic GET THE 

magnets will not rust and are unaffected by most COMPLETE STORY 
chemicals and gases. They may be sealed or im- i raphs of essen- 
mersed in liquids that would quickly deteriorate ee B oe 
metallic magnets. ~rers 


PERMANENT MAGNETS 





STACKPOLE CARBON COMPANY © St. Marys, Pae 
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applications are discussed. Electrofilm, 
Inc. >673 


DRAFTING ROOM SHORT CUTS Fn- 
titled “Short Cuts and Savings with 
Kodagraph Reproduction Materials,” 
12-page booklet diagrams 7 applications 
for the materials: to protect original 
drawings; simplify print distribution; 
restore old and worn drawings; repro- 
duce blueprints and_ direct-process 
prints; speed revision of drawings; 
permit combining of standard designs; 
save drafting time with photodrawings. 
Graphic Reproduction Div., Eastman 


Kodak Co > 674 


TOOLING PLASTICS —-Four-page bul 
letin “Plastics Tooling With Epocast,” 
describes use of epoxy resins in various 
industries such as aircraft, automotive, 
machine shop, metal trades, ceramics, 
marine and other related fields. Pre- 
sents in simple form basic operations 


carried out in preparation of plastic 


tools. Furane Plastics Inc >675 


THERMISTOR PROBE ASSEMBLIES 

Four-page brochure EM-13 describes 
9 specially-designed thermistor probe 
assemblies. Each assembly is identified 
by its most common application, and 
has complete dimensions and mount- 
ing arrangements. Applications include 
air, oil and fuel temperature measure- 
ment, surface temperature measure- 
ment, liquid level indication and con- 
trol. Probes widely used in missile 
telemetering circuits. Fenwal Electron 


ies, Ine >676 


METER MOUNTINGS—Four-page Bul- 
letin No. 601 describes low-cost, bonded 
rubber meter mounting for protecting 
sensitive instruments against shock and 
vibration. Includes design features, ad- 
vantages and performance. Installation 
photographs pin-point typical meter 
mounting applications. Specifications 
include application cross-reference ta- 
ble listing various meter manufacturers’ 


models Lord Manufac turing Co. >677 


BOBBIN CORES four-page Bulletin 
TB-103 illustrates and describes com- 
pany’s line of high-quality bobbin cores 
for use in digital data processing sys- 
tems. Included are data on G-L mag- 
netic materials available: 4-79 molyb- 
denum permalloy and Orthonik. Other 
items covered are: ordering informa- 
tion, tape dimensions, and chart of 
commonly used bobbin sizes. G-L Elec- 


tronics. >678 


ELECTRICAL CASTING COMPOUNDS 

Data Bulletin ESS-1 is designed to as- 
sist in selection of casting compounds 
now in use and for specific require- 
ments. Three pages devoted to tabular 
listing of comparative properties of 
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YOU GET 
DOUBLE PROTECTION 


against corrosion... 
against falling 
or splashing liquids 





Air intakes and outlets are positioned to provide compiete 


dripproof protection 





TYPE DP 
1 to 125 hp 








— Wagner DP Motors offer the double 
pletely dripproof enclosures and rugged 





with WAGNER etn. 
TYPE DP MOTORS 
designed to meet more 


application needs 


ese Wagner Motors are built in the new NEMA ratings that 


ower in less space. are lighter in weight and are easier to maintai 


SLEEVE BEARING MODELS AVAILABLE 


* 
Phe entire line of ratings through 125 hp IS a\ uilable with ball be iring 
mstruction as tllustrated. or with steel-backed. babbitt lined sleeve 
s bearings that have high load carrving « ipacity ind provide quieter 
yn ilior 


Let iW iwner Sales I ngineetr show you how these motors can be app! ed 
to vour needs. Call the nearest branch ofhee or write for Wagner 


Bulletin MU-223 


1 to 125 HP—1750 RPM—40°C 
NEMA FRAMES 182 through 445U 


al 


COOL RUNNING — Specially designed baffles direct cool- 
Wagner Electric Corporation ng 

- 4 rp thus increasing motor life. Blowers, cast as part of the 
6400 Plymouth Ave., St. Louis 14, Missouri. rotor, move large volumes of air without noise or vibration 





air through the motor to reduce stator temperoture— 








YOU GET 
EXTRA PROTECTION 
against corrosive... 

abrasive or 
explosive elements 







Standard TEFC 
1 to 100 hp 


Explosion proof 
1 to 100 hp 


with Wagner totally enclosed motors... 
protected for longer motor life 


NEW NEMA FRAMES _ | 


1 TO 100 HORSEPOWER—4 POLE, 60 CYCLE—NEMA FRAMES 182 THROUGH 445U 


st , 7 . 
er Liectric Corporation 
6400 Plymouth Ave., St. Louis 14, Missouri. Branches and Distributors in All Principal Cities 
. 
The bal! bear ngs used in these motors are of Factory ubrication will last for many yeors under Both ends of these motors have running shaft 
the highest quality, with more than ample ca normal service, but open ngs are prov ded to seals to keep the bearings clean Bear ng hous 
pacity to provide long troublefree service under permit relubrication that adds years to motor ngs are effectively sealed to prevent escape 


heavy loads life under severe conditions of grease 





‘ag sate mn compounds, Bulletin GENERAL CABLE 


hardeners for fast system 
selection. In addition, shows speed of 


cure at a glance. In all, 38 systems are the complete line of 


completely described. Houghton Lab- 


oratories, Ine., Electrical Insulating 
Materials Div. >679 
QUICK BALL SELECTOR CHART — 
Chart shows relative corrosion resist- 


ance properties of various ball mate- 
rials under severe conditions of 
temperature and varied chemical ex- 
posure. Most popular materials having 
high corrosion resistance include stain 
less 302, 316 and 440, bronze, K-Monel, 
aluminum, beryllium, copper, Nylon. 











Teflon and Pyrex Brand glass. Hartford Long experience in the manufacture of magnet wire has enabled General 
Steel Ball Co., Ine. ~>680 Cable to develop the industry’s widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
: : customer demands, they insure safe delivery and facilitate use of the wire 
Manufacturers’ at the lowest possible cost to you. No matter what magnet wire packag- 
Publications ing problem you have, consult General Cable... they hove the right 
: ackaging for you. 
. ° I hese selected public itions on mate- P ging ror y 
rials components techni il data and 
engineering services, write direct to the 
n ul turers on company lette hes j 
ee bs eee STAR-PAK PAIL and DRUMS 
mentioning ELectricaL MANUFACTURING 
ur source Non-Returnable, No Deposit 
+12 STAR-PAK poil, weight 75-100 Ibs., for size 23 
. through 27 AWG. 
REACTANCE SLIDE RULE An 1m- #30 STAR-PAK drum, we ght 450-600 Ibs., for size 13 
proved, easy-to-read version of this re- through 22 AWG. 
actance slide rule for solving electronics +15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
nroblems s hee aaneu acenaili. eat through 22 AWG. 
problems has been issued. A single set STAR-PAK poils ond drums ore polletized for ease of 
ting solves such problems as resonant hendliag 
frequency, capacitive reactance, induc- 
tive reactance and coil “oO” and dis- 
sipation tactor. 
The slide rule is useful for solving 
problems of filter design, oscillator 
tank circuits, transformer design, amp- 
lifier design, coupling circuits, and fre- 
quency loss in microphone circuits. Re- SPOOLS and REELS 
designed in red and black, it costs 75 New, Non-Returnable 
cents and is available from Shure 
> Pa ‘ 999 > > ” “ ° 
Brothers, Inc., 222 Hartrey Ave., Evan Rugged, plastic one-way shippers for finer size magnet 
ston, Il. wire, 31 through 44 AWG. Available in 6, 4/2 and 3 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
i hi e 
A short-cut to are palletized for shipmen 
° 
RESEARCH! 
@ Hundreds of design and research ¢ 
have provided themselves with persor 
pies of the 
ELECTRICAL MANUFACTURING 
° 5-YEAR ANNOTATED 
EDITORIAL INDEX 
The 60 = book lists by functional subject . 4 ‘ 
issific ane scciaat. wauenainaciens Payout Equipment General Cable also has available a com- 
itu article nd major “Design Trends” ° . : : i . 
Pacoima published Ei sierra em terre plete line of accessories used in the take off of wire from STAR-PAK pails and drums 
, FACTURING during the 5-year period, 1951-1955 or in spinning wire from reels and spools. 


The cumulative annotations provide valuable 
time-saving reference source, both to recent 
and earlier literature. The indexed articles deal 
authoritatively with all types of materials, com- 
ponents, systems and techniques which have 


special application in the engineering design 

and dedlnaees of electrically operated prod- GENERAL CABLE CORPORATION 

ucts 420 Lexington Avenue, New York 17, N. Y. 
The Index is printed on white coated paper 


and is wire-stitched to handy file size, 842” x Offices and Distributing Centers Coast-to-Coast XS 
11 


Per copy price is $2.00 on orders accom- 
Panied by remittance (add 3 per cent sales Ss 


tax for New York City delivery). Please make 
remittance payable to The Gage Publishing for quality and service 


Company, 1250 Sixth Avenue, New York 20, GE Ni ERAI CABI oo 
= --- Specify 


JUNE 1958 
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Bi APPLIANCE WIRE 
AND CABLE 


Approved by CSA— Bears UL Labe/ 


© 





ESSEX ENGINEERED 


HERES HOW ESSEX CAN 
GIVE YOU A HELPING HAND 
AND PROBABLY SAVE YOu 

SOME MONEY, TOO! 


4. COMPLETE L/NE 


THE FULL ESSEX LINE OF APPLIANCE WIRING 
MATERIAL... THERMOPLASTIC ,RUBEER, NEO- 
PRENE ANO SILICONE LEAD WIRE,PLUS INTER- 
NAL REFRIGERAT/ON AND AIR CONDITIONING 
WIRES, POWER SUPPLY CORDS ANO HEATER 
WIRE,..QUICKLY AND ECONOMICALLY MEETS 
MOST WIRING REQUIREMENTS, 


Z. APPLICATION ASSISTANCE 


OUT-OF-THE - ORO/NARY WIRE OR CABLE 
SPECIFICATIONS NEEO NOT TROUBLE YOU. 
CONSULT YOUR LOCAL ESSEX APPLICATION 
ENGINEER FORTHE SOLUTION-OR FOR 
HELP /N CHOOSING THE ONE BEST TYPE 
AND SIZE FOR ANY APPL/CATION. 


MOTOPRENE* AUTOMOTIVE MOTOR LEAD WIRE—Rubber 
i drop cables CABLE—Thermoplastic..brake Neoprene or Thermoplastic in 
dconnectio cable..rubber covered cord sulation 


® Consult your local Essex Application Engineer or write for complete information 


ESSEX WIRE CORPORATION 


Wire and Cable Division 
FORT WAYNE 6, INDIANA 


PRODUCTS 
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Editorial Reprints 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular Erectricat MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints. without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 


Inquiry Service Cards beginning on 


REPRINTS NOW AVAILABLE 


Mechanical Fasteners for Military 
Electronic Equipment, June 1955 


16 pages. A comprehensive, full 

illustrated guide to the various 
mechanical fasteners that ar ip- 
proved for use on military electronic 


equipment. Sources of supply, mil 
I i supply, 
ry references, application remarks 


1.1 
ind comparative assembly costs ar 
] 


Combined Analog-Digital Control Sys 


tems, June 1955, 9 pages. Practical 
circuits for systems requiring 
both th real-time h teristics 
f ialog ymputers id 
putat ibility yf digital 
co puters ilog to-digita init 
ligit l-to-analog converters: hybrid 
nultiplicati lits; sine-functior 
it Sé ) 716 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 


pages. Summary ind report on the 
Sixtl Annual National Conference 
mn Electron ignet Rela S Okla 
homa State University. Important 
papers presented relate the de velop 
ment of new relays, test methods 

1 equipment. Further efforts by 


the NARM toward standardization 
ire described (718 


Effects of Radiation Environment on 


Structural Metals, June 1958, 9 


} 


KI Ges Phe mechanism ind types of 


pag { 
radiation damage are presented, to- 
gether with definitive charts, graphs 
ind a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 


promising their original properties 


JUNE 1958 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost ot 


Single Subject Reprints 


Vo. of Vumber of pages 
Reprints }-]2 16-32 
| (,ratis Gratis 

5 $2.00 $3.75 

10 5.50 6.00 
95 7.50 2.50 


pecined in 


equipment design. Radiation effects 


i 
studi d 1Ti¢ lude ch inges in electrical 
resistivity flux. mechanical and 
general physical properties (720) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958 
12 pages. A survey evaluating and 


illustrating European engineering 





i 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
spec ific case histories advantage s 


und disady intages ot British, 


French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
I pons red by the 

British Aluminium Development As 
ciation in London during May, 


it a sym 


OSIM Ss 


1957. (726) 


Designing Minimum Weight Mag- 

netic Cores, February 1958, 8 
pages. A straight-forward proce 
dure for minimizing the combined 
we ight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim 
ization of power supply and other 
related components. Three exam 
ples give! (706) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
ipplication areas of various types of 
fiber-insulated film-insulated and 
composite-type magnet wire. Com 
mercial identifications given. Stand 
irds are listed Comparative ad 
vantages and disadvantages of 

various types are discussed. Among 

insulating materials analyzed are 





Wire and Cable Div 





They can be your design assistants 
on other Essex Engineered Products. 


Ft. Wayne, Ind 


mited Division, DeKalb, Ill. 


WIRE CORPORATION 
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GUARD AGAINST 
CORROSION WITH 
ALCOA ALUMINUM 
FASTENERS 


Whatever you make, make it better 
of aluminum and fasten it with Alcoa 
Aluminum Fasteners. Guard against 
both galvanic and atmospheric corro- 
sion and get lasting sales appeal with 
bright, carefree aluminum fasteners 
For your requirements, call your nearest 
Alcoa sales office. Complete stocks of 
all standard types and sizes of Alcoa 
Aluminum Fasteners are on hand at 
your local Alcoa distributor. Look in 
the Yellow Pages of your telephone 
directory. 


0 Serene, 








a iS 
a 










ALCOA ___ ALCOA THEATRE 
ALUMINUAA Exciting Adventure 


Alternate 


Monday Evenings 


FASTENERS 


Your Guide to the Best in Aluminum Value 





FREE... FACTS, SAMPLES... FREE... FACTS 


ee a ee eS ee 


| Aluminum Company of America | 
2241-F Alcoa Bidg., Pittsburgh 19, Pa 
Gentlemen: Please send complete specifica 
tion data and samples of Alcoa Aluminum 
Fasteners 


Compony 


| | 
1 | 
as { 
| a | 
| Title en i | 
| | 
| | 

| 


Address 


newer materials such as glass fiber, 
Dacron polyester varn, Nylon yarn, 
Mylar polyester film and Quinterra 


-aA 


asbestos pape! (407) 


Cryogenic Devices in Logical Cir- 
cuitry and Storage, February 1958, 
8 pages. This article presents a 
review of superconductor funda- 
current application 
and development trends for cryo 


mentals and 


genic components in computer logic 
and storage circuits (711) 


Basic Statistics for the Design En- 
gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex 


periments and analysis of data, 


quality control, yperations re search, 


and life testing programs. Examples 


ire discussed _ illustrating pr ictical 


ipplic itions mm equipine nt i@SigI 


“73 i. 
(736 
Crossbar Switch 


Applications, April 


1958, 12 pages. Circuit details of 
the applic ition of these « ympact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 


tion; stepping-switch scanner con 
trol: digital-to-analog 
inalog-to-digital 
tiple indexing and switching func- 


trons (730 


conversion 


conversion: mul- 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1955, 12 pages. A 
guide to selection ind circuit ap 
plication factors for selenium recti 
fiers, - derived from basic circuit 

halfwave 


(731) 


inalysis, for single-phase 


and bridge arrangements 


International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro 
posed J.E.( motor 


‘ 


standards for interchangeability be 


dimensional] 


tween metric and inch systems art 
presented. Pr Iblems and compro 
mises necessary ichieving this 
ire described (708) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 

applications of nonlinear dielectrics 

iS: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
switches, 


electroresonant memory 


(714) 


} 
aevices 


The Anatomy of Automation, January 
and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus- 
sions of 117 key automation terms 


ire organized into 18 sub-classifica 
tions. (727) 
Foamed Plastics for Structural Func- 
tions in Electronic Equipment, Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele- 
ments made from foamed plastics 
in mechanical parts such as mount- 
ing plates (in equipment such as 
airborne electronic systems) where 
severe vibration and other severe 
environmental conditions apply. Use 
of foam embedments as an as 
sociated tec hnique is also described 


(709 


Design Advances from Magnetism Re- 
search, January 1958, 16 pages 
Commercial significance and design 
promise of new developments in: 
soft magnetic alloys, particularly 

cube-oriented silicon-iron for power 

equipment; permanent magnets, in 
cluding design techniques tor cur 
rent and soon-coming new materi 
als: thin magnetic films and other 
promising candidates for computer 
memory 


and the 


devices: ferrites, garnets 
revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con 


terence on Magnetism. (704) 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed ( ompk te details of 
electrical and design of 
these clutches are presented, includ- 
ing altitude operation 
tions. 


magnet 


considera- 


(733) 


New Procedures for Designing Linear 
and Swinging Chokes, December 
1957, 8 pages. A simple, widely 

usable procedure to save time in 

the design of linear and swinging 


chokes is de scribed nd illustrated 


a 
with specific examples. Complet 
design data and curves. verified by 
use in a design organization, are 


given. (702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages. 
Removal of heat from semiconduc- 
tor devices is accomplished pri 
marily by providing increased sur- 
face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depend upon 
numerous factors. Calculation meth- 
ods with convenient nomograms are 
presented for direct use in the de- 


sign of fins. (710) 


Research Progress in  Dielectrics— 
1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
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This is an unretouched photo of a broken 3” thick section 
of Coors high alumina ceramic, formed by the Isostatic 
Process. \t fractured smoothly and shows a completely 
homogeneous structure. There are obviously no voids or 
hidden stresses to cause failure. 
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COORS PORCELAIN CO., 646 9th St., Golden, Colo. 


Please send me detailed Bulletin 1055-A on Coors High Strength 
Alumina Ceramics and Coors manufacturing facilities. 
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Company 
Address 


City State. 
Please refer to our 12-page catalog in Sweet’s Product Design File 
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Caledonia combines four functions in 
miniaturized, shock-resistant package. 


Electronics today is partly packaging 


PROBLEM: Design a small (50 cubic in.) 

and light (3% Ibs.) unit that contains: 

1. a positive d.c. pulse selector 

2. a negative d.c. pulse selector 

3. a high level 60 cps band pass filter 

4. a 400 cps detector circuit 

(all with tight tolerances, naturally). 
Design it to operate within the usual 

military environmental conditions, in- 

cluding high vibration and shock. 

SOLUTION: We assembled the 

components shishkabob ty, 

style. Then mounted the Us 


kabob in a metal case filled with an epoxy 
foam compound to hold the parts in a 
firm cushion. 


TIME ELAPSED: From original assign- 
ment, through design to volume produc- 
tion—two months. 


If such quick, dependable assistance in 
design and production can make your 
work more effective, we'll be glad to 
hear from you. We offer experience, 
good production facilities, and a recog- 
nized quality record. 


caer 
CALEDONIA 


Dept. EM-6, Caledonia, N.Y. * In Canada: Hackbusch Electronics, Ltd., 23 Primrose Ave., Toronto 4, Ont. 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 


H ere’s a 


new way to use the 


ELECTRICAL 


MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 


out as you.page through the issu 


Circle the 


items you want as you go along. Try it! You'll 


find it a real 


time-saver . . also can serve 


as a handy book-mark. 


Electrical Insulation (National Aca- 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: materials for severe tem- 
perature and other environmental 
conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 
cable. Table and graphs. (712) 


Transistor-Magnetic Amplifiers, Sep 
tember 1957, 8 pages. Seven com 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli 
fiers; a-c to d-c regulated power 
supply; low-level d-c 
type amplifier. 


harmonic- 
(728) 


Evaluation of Enameled Magnet Wire 
and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, Nylon, Nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrylic, and polyurethane. Detailed 
tables of 


areas, 


properties applic ation 


advantages and disadvan 
tages of specific types, trade names 


and applicable standards (729) 


Analysis and Elimination of Corona 
Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedure S, Suc h as ¢ hange S In COn- 
corona et- 
fects. Test methods for detection 


figuration, to eliminate 


and location of corona are also de 
scribed. (701) 
Housing Design for Centrifugal Blow- 
ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered 
scroll shape, housing width (with 
respect to width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 


blower 


Minimizing Partially Developed Relay 
Tree Circuits, August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized 
the number of transfer contacts i 
determined by the number of re- 
lays—regardless of cirguit arrange 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 


ELECTRICAL MANUFACTURING 





Introducing Allied’s 


) 1000 


New Clear Protective Coating for 


All Metals...as safe and easy to 
handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 
soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 
Used as a protective treatment alone or to enhance value of post-treatments. 


Allied’s new Irilac +1000 is a concen- 
trated solution of a water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de 
veloped to answer the needs of the 
metalworking industry for a _ non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces—without chang- 
ing the appearance of the metallic 
surtace 


Trilac 
, and requires 
no special fire prevention measures. 


There are no hazards involved 
is non-fuming, non-toxik 


THE PROCESS 


Irilac +1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quiekly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered 

in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 


tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods 


STEEL PANELS: bare (left) and cocted with 
lrilac (right) after 8-hour salt spray. 


ALUMINUM PANELS: bore (left) and coated 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac +1000 can be applied to any 
metal—-wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac +1000: 


1 It can be applied to any clean metal simply 
by dip, brush or spray. Ne special equip- 
ment is required. 


Saves time—just apply and dry—no re- 
action time required. 


No hozords exhaust or 


special fire protection equipment is re- 


involved—no 


quired. Irilac is non-fuming and non-toxic. 


4 Saves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC +1000 MAY BE 


THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simply send us some 
parts and let us show you what Irilac can 
do. No obligation, of course. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 


> BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC’ “', ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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with a minimum number of transfer 
contacts. (719) 


for High-Precision Electromechanical Lin- 
ees ear Measuring Systems, August 


1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 


loop machine-tool controls: differen- 
tial transformers and_ capacitors; 


linear potentiometers; ultrasonic 

: aay b, systems; lead screws and_ rack 
systems with rotary signal pickoffs: 

specify optical systems; digital scales; Pratt 


& Whitney “Electrolimit;” Farrand 


specialized fastening devices: Si coke eo 


house “Nultrax.” (725) 


z : Integration of Dielectric Materials, 
Dura-Loc, High Temp, Self-locking, Stainless Steel Nuts—Free Spinning Processes, Components, July 1957, 

-— On Lock...Unlock, Free Spinning Off— Reusable. 12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap 
plication data on fluorinated gas« 
ous. dielectrics and metal-fibe: 
paper. Summary of progress in 
high-temperature dielectrics for 


Dura-Loc Series 500-C capacitors. Problems in ther- 


AA10, AG10, AK10 Dura-Loc Series CG20 Dura-Loc Series CF20 


, mal evaluation and classification of 
T erat) , a 
Temperatures up to 1200°F. | Temperatures up to 1300°F Temperatures up to 1600°F. & lieMiiiines ihieiheeS ities ton ta 


sulation life. Tables and graphs are 
included. (721) 


Numbering Systems, September 1957, 
S pages. An easy-to-read but stimu- 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 


\ : any base: binary (2), ternary (3), 

DELRON BOLTS & SCREWS © quaternary (4), quinary (5), deci- 

! EZ mal (10), duodecimal (12), also 

Delron #5 : ae er ss a 4 a coded decimal numbers. A needed 
Self-Locking Washer-Nut © Special thread form minimizes galling. 1 background for computer and nu 

es : rs fA ae aa rer ; merical control system design. 

— ee i (703) 

Design Procedures for Special Type 

High-Temperature Transformers, 

le July and August, 1957, 20 pages. 

A two-part presentation of step 

ay : by-step design procedures for high- 

somes nmi, aan Pra nn ananm eanneeee temperature — transformers of the 

SPACER SPACER SELF-LOCKING SPACER following types: transformers with 

FASCO SPACERS for Honeycomb Structural Panels unbalanced d-c magnetization, cur- 

mB Lightweight, High Column Strength Alummum Spacers available in a variety of designs, for assem- / rent limiting transformers, current 


bling and attaching to honeycomb sandwich-type structural panels. FASCO Spacers in various designs 
and materials can be made available for other types of structural panels including Stainless Steel. 


limiting transformers with unbal- 
anced magnetization, and vibrator 









: ves a oe ee supply transformers. (735) 
illustrated are a few of the many Delron Specialized Fastening Devices designed v4 eee ; 
to help solve your critical fastening problems! JIC Electrical Standards for Industrial 
c--------:- Equipment, June 1957, 24 pages. 
® Need data on | Clip this ad to your letterhead, Revised specifications for the appli- 
_ 4 specific | ~resleadeor gaa Gets on cation of electrical apparatus to 
fastening problem? , | “°™ 


welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 

COMPANY. INC. | (1 Sandwich structure fastening March 1957. Single reprints, no 
charge. Multiple quantities obtain- 

= able at the following prices: 5— 
er eee oe ee $3.75; 10—$6.00; 25—$12.50; 50-— 


~] Fasteners to 1200°F. operation 
[_] Fasteners to 1600°F. operation 


THE | DELRON 


5224 Southern Avenue, South Gate, California a 
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Improved Metal-To-Glass 
Alloy Holds Seals Tight 
Against Hydrogen 

at 250 Pounds Pressure 


Development of Clare’ Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris +152 Alloy 


eooeerpe? 
re 
. ‘ ’ 
4 


ee eed 
beet tes 
ee 


eee 


urfaces 
protected from electrical and mechanical 
erosion with merc 
tO a mercury reser" 
high hydrogen pressure enables the contact gap to with- 
Stand a high voltage gra lient without breakdown. 

Keeping the gas from leaking posed a production prob- 
lem. The specifications for the lead wires at the top of the 
switch and the tubular vacuum stem at the bottom were 

against hydrogen at 250 PSI. This 

tch to thermal expansion char- 

Good ferromagnetic properties. 

xceptional surface bonding properties since the per- 
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 


¢ 
1 ¢} t koenaiad ] yc “itle ; 5 . 
seal than the current handling Capacities of the contacts. 


Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers. 

Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver- 
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob- 
Jem and extraordinary specifications. We have a special 
bulletin on Sealing Alloys if you care to have one. Your 
inquiry is awaited. C. P. Clare & Co., Chicago, Il. 

*T.M. Reg. U.S. Pat. Off. 


DRIVER-HARRIS COMPANY , 


HARRISON, NEW JERSEY ~« BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco In Canada: The B. GREENING WIRE COMPANY, Ltd 


£ ALL 
@ro® o 


Circle 294 on page 17 








sH a RO SWITCH Precision Switches 


Sealed Within 
Nylon Enclosure 


Shock-Proof 


Resistant to 
O// and Water 


HONEYWELL 
MERCURY 
SWITCH 


| 
| 





+ .875 ——_—___—_+ 


7TMP1-2 Actual Size 


Cut-away view showing switch embedded in syn- 
thetic rubber within 
the nylon enclosure. 





This NEW mercury switch is resistant to shock, 
vibration, water, alkalis and oils. Operates com- 
pletely immersed. Operates at temperatures of 
from —35° to +200°F. Rated 3 amps., 115 vac. 
For complete details send for Data Sheet #144. 


Meets Demand for 
Small Load Circuits 


— : 
hits Z | AS417B 


pretence 
Actua! Size 






This small Honeywell Mercury Switch meets 
the demand for small load circuits and applica- 
tions where space is a factor. Serves in a range 
from micro-volt milli-ampere up to 3 ampere 
circuits. Full details in Data Sheet #114. 


Here is a General Purpose Mercury Switch 





——— — 2 500 — > 
AS454A Actual Size 

This is a medium size, general purpose mercury 

switch for loads up to 10 amps., 115 vac. When- 

ever your requirements call for general advan- 

tages such as sealed contacts and low force tilt 

action, this is the switch for you. 


Ask for Catalog #90A. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS HONEYWELL REGULATOR COMPANY H 
i - * FREEPORT, ILLINOIS 


Fiut wn Pucision Gwitthing 
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$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 


(724) 


Multiple Reprints 


Multiple Reprints (reprints or com 


pendiums into which are combined 
several separate articles on the same 
or reiated subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be acc ompanied 
by remittances. Large quantities 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y 


Slide Rule Mathematics, 20 pages 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 

e The Basic Slide Rule 

e Variations on Basic C-D Opera- 
tion 

Trigonometry 

The Log-Log Sc ile S 

Vector Diagrams 

Hyperbolic Functions 

Phasor Calculations 

The Circular Slide Rule 
Written by Ira Ritow, engineer 
teacher-author, whose previously 
published work in ELecrricaL 
MANUFACTURING includes “Capsul 


Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control] 
problems. Annotated bibliography 
of articles is included. $2.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 


ELECTRICAL MANUFACTURING 











JUNE 


195% 





No Sir, no ready-made here. Emerson-Electric 
motors are custom-engineered for your prod- 
uct .. . designed for you, produced for you and 
priced for you. It is no longer necessary to 
design your product around a standard motor. 
Emerson-Electric engineers will work with you 
through every stage of development. You get 
the product you want with a motor that 
EXACTLY suits your purposes ...a custom- 
engineered motor, 

Call, wire or write Dept. M-305 today, The 
Emerson Electric Mfg. Co., St. Louis 21, Mo. 


EMERSON-ELECTRIC 


of St. Louis Since 1890 
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Another 





NEW 


MODEL 


10-60 


Electronamic 





from PRECIS7TON 





TUBE and TRANSISTOR CHECKER 


with PICTURE-TUBE BEAM-CURRENT TEST $ 


LOADED 
WITH THE 


FEATURES 
YOU NEED 





Net Price: 1 G 4) 


@ Comprehensive Tube, Transistor, Crystal Diode, 
and Picture Tube Testing. 


& Ultra-Sensitive Gas Test Read Directly on Meter. 


@ Functional Testing of Voltage Regulator Tubes. 


TUBE TESTING FEATURES 


@ Positive, all-inclusive tube performance testing 
not limited to mutual conductance alone 


@ Tests tubes over a complete path of operation 
. not at just one arbitrary point 


@ Actively tests ali tube elements in PRECISION 
Electronamic tube testing circuit 


@ Tests all modern tube types 
including sub-miniatures 


® Dual short-check sensitivity. Special low voltage 
short-check circuit guards against damage to 
tubes under test 


@ Built-in stainless steel pin-straighteners 
for 7 and 9 pin tubes 


@ Functionally tests voltage regulator tubes for 
voltage regulation at manufacturer’s specified 
current limits 


@ 5-window, geared roll chart provides convenient 
reference for all tube and transistor test settings 
@ Ultra-sensitive gas test circuit directly detects 


troublesome gas content on sensitive PACE 
microammeter 


TV PICTURE TUBE TESTING 


@ TV picture tubes tested in specially engineered 
circuit — for picture producing beam current 
(requires optional accessory PTA picture tube 
cable adapter and PAA 110° socket adapter 


AVAILABLE 


SOON Code: FERRY 


TRANSISTOR AND CRYSTAL DIODE 
TESTING FEATURES 


® Designed in accordance with recommendations 
of leading semiconductor manufacturers 

@ Icbo readings directly related to true collector 
current 

@ Wide spread Icbo ranges cover all types of tran- 
sistors — low, medium and high power 

@ Wide range of collector potentials: 
5 volts DC to 160 volts DC in 22 steps 

@ Direct-reading beta ranges: Employs separate 
injection currents for low and high power types 

@ Leakage: Reliable check of emitter to collector 
leakage current provides basis for accurate 
gain tests 

@ Crystal diode tests: 22 selected DC voltages 
for forward and reverse current tests in ac- 
cordance with manufacturers’ specifications 

@ Lever element selector system provides for ac- 
commodation of all present and future semi- 
conductor releases 


MODEL 10-60: Etched, satin-brushed aiuminum 
panel. Sturdy carrying case with too! compartment 
and removable cover. Dimensions: 20 x 15 x 7” 
Code: FRIAR slo ...Net Price: $195.00 


PICTURE TUBE TESTING ACCESSORIES AVAILABLE— 
Model PTA Picture Tube Adapter....Net Price: $7.75 


Model PAA 110° Adapter Net Price: $5.00 





MODEL 10-40 — Physically and electrically similar to Precision Model 10-60, 
but without transistor and crystal diode testing facilities. 


sasobsnasiiichsicedobiaadoesgti lubes nepssidoc ale aacaeaen Net Price: $149.50 
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PRECTISTON apparatus Co., Inc. 


70-31 84th Street, Glendale 27, Long Island, New York 


Export: Morhan Exporting Corp., 458 Broadway, N. Y. 13, N. Y., U.S.A. 
Canada: Atlas Radio Corp., Lid., 50 Wingold Ave., Toronto 19, Ontario 
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electrically energized machines. 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad “aspects of 
reliability and maintenance are dis 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 


control data 


systems, processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 


ing groups within an engineering 


organization are given. Tables of 
human engineering “dos and 
don'ts.” $2.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For 
shipments to one address, on 


act ompanied by 


single 
orders 
remittance the tol 
lowing prices per copy apply 


Quantity 

Title 5 25 
Slide Rule Mathematics 90 od 
Casting Resins Lie 250 
Human Engineering 295 2.00 
Prices given above include shipping 


charges. Make chec ks payable to The 


Gage Publishing Company, 1250 Sixth 


Ave., New York 20, N. ¥ 



















Now Ready— 


| 
| 
| 
} 


Get Your Copy of the 


EDITORIAL INDEX 10 
ELECTRICAL MANUFACTURING 
FOR 1957 





In addition to an annotated, sub- 
ject-classified index to all the 
feature articles, this 24-page book 
provides an author index, and 
reproduces the ELecrricaL Man- 
UFACTURING Functional Subject 


Alphabetical 


Subject Cross Index. To receive 


Classification and 


your copy of this index without 
charge, circle No. 737 on the 
Reader Inquiry Service Card on 


page 17. 
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If you’re miniaturizing ... you'll save space, time and 
money with Allen Minicaps and Minisets (#0 thr #3 dic.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They're made from Allenoy special 
alloy steel—so strong that you can 
safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads. Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap iengths 
run from 4” through 42”, and Miniset 
lengths from Vie" through %4”. Also 
standard in stainless steel. Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 


Use Minicaps and Minisets 
wherever you need depend- 
able fastening in very small: 
assemblies: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems ¢ Computers @ Control and 
operating mechanisms for relays § 
® Cameras e Instruments 





MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 
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Testimonial: 


FSCHRS 
RPTTN FR SPCLS 
S NVRSL!* 


Translation: 


* FISCHER’S 
REPUTATION FOR 
“SPECIALS” 
IS UNIVERSAL! 


We really don't sell brass and 
aluminum turned nuts in “outer 
space” but that’s the only 
territory we can’t supply! Manu- 
facturers of all types of equip- 
ment are realizing substantial cost 
savings with dependable Fischer 
“special” nuts. Reason: FISCHER 
NUTS HAVE NO EQUAL FOR 
PRECISION, PRICE AND DE- 
LIVERY. And that applies to 
standards as well as specials! 


If you use brass or aluminum nuts 
in production quantities, specify 
the finest specify FISCHER! 


FAMED ty 
there’s no premium <4 


for precision } 
at 


, 






FISCHER SPECIAL MFG. CO 
421 Morgan St., Cincinnati 6, Ohio 


=~ 

| 

Please send your new 20-page | 
CATALOG FS-1000 containing com 

plete specifications on brass and | 

| 


| 

| 

l 

| 

| cluminum nuts 
| Name Title 
Company 
Street 
| 


City Zone State 
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Association Activities 





Conference on Human Factors 
in System Engineering 
The Conference on Human Factors in 
System Engineering. June 10 and 11. 
1958 at the Barbizon Plaza Hotel, New 
York City, has been planned for in- 
dustrial and military executives with 
responsibility for the design, operation. 
and maintenance of man-machine sys 
tems of varying complexity. 

Purpose of the 


is to 


Conterence 
bring participants a full understand- 
ing of the need for consideration of 
human factors, the penalties implicit in 
ignoring this need, and the specific 
techniques for matching machine and 
human specifications in 

The Conference is co-sponsored by 
Manhattan College and the Fourth In- 
ternational Automation Exposition and 


Congress 


system design 


New Room Air Conditioner 
Section Formed by NEMA 


A new Section has been formed for 
manufacturers of room air conditioners 
within NEMA. It was the manufac- 
turers’ consensus that formation of the 
Section would be helpful to the in- 
dustry, and a major step forward in 
furthering their efforts to improve in- 
dustry promotion of room and zone 
air conditioners. 

Another key factor in affiliation with 
NEMA concerns the fact that the dis- 
tribution of this equipment closely ap- 
proximates distribution channels used 
by other major appliances which are 
served by presently organized NEMA 
Sections. 

Member companies of the new Sec- 
tion decided to continue to promote 
existing industry product standards and 
Btu rating programs. 


First National Conference on 
Application of Electrical Insulation 
The First National Conference on the 
Application of Electrical Insulation, 
with the participation of manufacturers. 


distributors and users. will meet in 


Cleveland September 5. 1958. It will 
be the first meeting of this type ever 
held in the U. S. Attendance of be 
tween 1500 and 2000 is anticipated. 
The conference is co-sponsored by 
the AIEE and NEMA; its purpose is 
to provide a meeting ground for the 
maker and user of electrical insulation 
where there can be a mutual inter 
change of practical technical informa 
tion on a formal and informal basis 


Activities will include technical ses 
-1ons, 


a commercial trade show exhib- 


iting electrical insulation materials, 
and technical exhibits by manufacturers 
of electrical equipment 

Headquarters for registration will be 
in the Pick-Carter Hotel 
sions will be held concurrently in the 
Statler-Hilton and Pick-Carter Hotels 


technical exhibits will be in the Statler- 


Tec hnic al Sscs- 


Hilton. and commercial exhibits will be 
n the Pick-Carter. 


be delivered will cover a wide variety 


lechnical papers to 


of subjects in the field of electrical 


insulation and the application ot insu- 


lating materials in rotating machinet 
transformers, controls and instrumenta 
tion. and in elect: equipment 


Dr. Harold S. Black 
Gets AIEE Lamme Medal 


Dr. Harold S. Black, Bell 


Laboratories, Inc 


Telephone 
research engineer, 
whose more than 60 inventions have 


made major contributions to long dis- 


tance and overseas telephone com- 
munications and to the field of elec- 
tronics has beer awarded the 1957 


Lamme Gold Medal by the AIEE. The 
Medal will be presented to Dr. Black 
on June 20 during the 
eral Meeting of AIEE ir 
Dr. Black was honored “ 


outstanding contributions to telecom 


Summer Gen- 
Buffalo 
for his many 


munications and allied electronic arts, 
especially the negative feedback am- 
plifier and the successful development 
and applic ation of the negative feed- 


back amplification principle.” 
I 


Seventh Annual Meeting of 
Standards Engineers Society 
The 7th Annual Meeting ot the Stand- 
ards Engineers Society will be held at 


the Benjamin Franklin Hotel, Philadel- 
phia. Pa. on September 22, 23 and 24 
1958. The 
be: “Standardization 
Space Age.” 


To stimulate new 


theme of the meeting will 


A Must for the 


ideas and to de- 
velop a top-quality program, the An- 
nual Meeting Committee is sponsoring 
a technical paper contest in conjunc- 
tion with the meeting An award of 
S50 will be presented to the author of 
the winning paper. which will be pub- 
lished later in Standards Engineering, 
the official publication of the SES. 
Rules for the contest are: 1. Papers 
must be concerned with some aspect 
of standardization, and should prefer- 
ably be related to the theme of the 


meeting: 2. Papers should be 1600- 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


aa ae 
Data Ta 


URES 
Jia 
Ue E) 





384 pages of practical data from Allegheny Ludlum 


Here's the newest addition to A-L’s technical library. It 
incorporates the knowledge gained by being the leading 
producer of stainless steel ever since the industry was born, 
and the experience gained by working with all of the leading 
stainless steel fabricators. 

“Stainless Steel Fabrication” is a case-bound, 384-page 
handbook for your working library. It contains the latest, 
detailed information on: CUTTING, JOINING, COLD 
FORMING, HOT FORMING, MACHINING, HEAT 
TREATING, SURFACE TREATING. 


With 308 photographs and drawings and 121 tables, this 
new book suggests to old timers new ways to make opera- 
tions more efficient. For newer men it’s a practical textbook 
on all operations from working mill forms to finished parts. 

If you would like to receive a free, personal copy of the 
384-page handbook ‘Stainless Steel Fabrication,” contact 
your A-L sales engineer. Or write on your company letter- 
head: Allegheny Ludlum Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. Address: Dept. EM-6. 


wsw 7123 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny 


Export distribution: AIRCO 


EVERY FORM OF STAINLESS 
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Stainless, call RYERSON 
INTERNATIONAL 
EVERY HELP IN USING IT 













ANewe_EraIn 
MAGNETIC 
TESTING 


A complete line of reliable 


MAGNETIC TEST EQUIPMENT 
and 
SIEMENS HALL-GENERATORS 





Model B 


For Technical Purposes: 


| GRH GAUSSMETERS | 


—U.S. Made— 

Model A—portable, battery operated 
Model B—stationary, built-in stabil- 
ized DC-supply 
Model BR—Gaussmeter-Relay for 

automatic testing 





For Laboratory Use: 


| FOERSTER-INSTRUMENTS | 


—German Imports— 


Field Strength Meter +1510 
Lowest range 0-50 oe 
Highest range 0-20000 oe 

Field Strength Meter +1530a 
Lowest range 0-1 oe 
Highest range 0-50000 oe 

Differential Probe Instrument 


Measures field inhomogeneities 
of as low as .01 oe 





Coercimeters 


Permeameters 


| SIEMENS HALL-GENERATORS | 


(Available from stock) 


GERHARD R. HENNIG 
157 S. Morgan Blvd. 
VALPARAISO, IND. 











310 Circle 301 on page 17 


Calendar of Meetings 


June 2-4—1958 National Telemeter 
ing Conference, sponsored by AIEEF, 
ARS, ISA and IAS, Lord Baltimore 
Hotel, Baltimore, Md. 


June 4-5—West Coast Symposium 
on Magnesium Applications in Air- 
craft and Missiles, Institute of Aero- 
nautical Sciences Bldg., Los Angeles, 


Calif 


June 5-6—Sex 


posium on 


National Syn 
Production Techniques, 
sponsored by the Professional Grouy 
on Production Techniques of IRE, 
Hotel New Yorker. N Y 


June 9-13—Fourth International 
Automation Exposition and Co 


gress, New York Coliseum, N. Y. 
June 9-13—Fourth Annual A 


tion Seminar. The Pennsylvania 


State Univ., University Park, Pa 


June 10-11—Conference on H 

Factors in System Engineering, co 
sponsored by Manhattan College and 
ith International Automation Ex- 
position and Congress, 


Plaza Hotel, N. Y. 


Barbizon 


Second National Cor 
Military Electronics, 
Hotel, 


June 16-18 
ventior on 
Sheraton-Park 


June 22-27—6lst Annual Meeting 
of the ASTM, Hotel Statler and 
Sheraton-Plaza, Boston, Mass 


June 23-25—Joint meeting 
American Society of Heating and 
Air-Conditioning Engineers and Am 


can Society of Refrigeratin 


ig En- 


2400 words in length: 3. Papers will 
be judged by the Awards Committee 
on the basis of content and originality; 
1. The contest is open to anyone en- 
gaged or interested in standards engi- 
neering: 5. In order to be considered, 
papers must be typed on one side of 
845 x 11 paper. double-spaced, sub- 
mitted in quadruplicate and __post- 
marked not later than August 1, 1958. 
They should be sent to Mr. E. D. 
Clark, vice-chairman of the SES 7th 
Annual Meeting. c/o Standard Pressed 
Steel Company, Jenkintown, Pa. 


ISA Film on 
Principles of Frequency Response 


Society of America 
made available a new 


The Instrument 
has recently 
color-sound film to instruct designers, 
manufacturers, users and students of 
control equipment in the principles and 
techniques of frequency response 
analysis. 

The 37-minute film presents in “live,” 
non-mathematical terms, the elements 


Minne- 


Leamington Hotel, 


apolis, Minn. 


gineers, 


June 25-27—Ai: 
Conference for 1958, sponsored by 
the Air Transportation Committee 
of AIEE, Statler Hotel, Buffalo 
a. 


Transportation 


Aug. 6-8-1958 Special Technica 
Conference on Non-Linear Magnetics 
ind) =Magneti Amplifiers, Hote 
itler, Los Angeles, Calif 


Aug. 13-15—Conference on Elec 
tronic Standards and Measurements 
sponsored by AIEE and IRE, at th: 
Radio Standards Laboratory of Na 

nal Bureau of Standards, B i 
Colo 


“Tt 


Aug. 19-22—Western Electro: 


Show and Conve 


1 


Hotel, Pan Pacific 


Auditor I 
Angeles, Calif. 
Sept. 3-5—Cryogenic Engineerir 
Conference. Massachusetts Instit 
f Technology, Cambridge, Ma 


Sept. 3-5 — First 
ference on Application of Electrical 
Insulation, by AIEI 
ind NEMA, Pick-Carter and Statler 
Hilton Hotels, Cleveland, Ohio 


co-sponsored 


Sept. 15-19—13th Annual Instr 

nent-Automation Conference and 
Exhibit, sponsored Instrument 
Society ol America Philadelphia 


Convention Hall, Philadelphia, Pa. 


Sept. 22-24-—-National Svmposiun 
on Telemetering, Americana Hote] 
Miami Beach, Fla 


of frequency response—a tool for the 
quantitative dynamic analysis of in 
struments and process systems. The 
ISA film describes frequency response 
analysis as applied to a_liquid-level 
svstem. 

Copies of the film are available for 
purchase or rental from ISA Head- 
quarters, 313 Sixth Ave., Pittsburgh 
22, Pa. Prices range from $600.00 per 
copy for outright purchase to $25.00 
per showing for private organizations 
and companies and $5.00 per showing 
for schools and other technical socie- 
ties. For full details inquire at ISA 


Headquarters. 


ASTE Awards for Outstanding 
Contributions to Tool and 
Manufacturing Engineermg 


One of the six men cited for their 
outstanding achievements in the field 
of tool and manufacturing engineering 
at the 1958 National Honor Awards 
banquet of the ASTE at the Benjamin 
Franklin Hotel in Philadelphia on May 
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aT 


MAGNETIC- FRICTION CLUTCHES, BRAKES, 
CLUTCH-BRAKES, CLUTCH-COUPLINGS 


The Eaton Dyna-torQ electro-magnetic friction units 
include a number of unique design advancements 


which provide longer life and superior performance 
with less maintenance. Check the following important 
advantages: 


] Extremely Rapid Response in Clutching and Brak- 
ing—makes Dyna-torQ units ideally suited to a wide 
range of manual and automatic cycling applications. 


Smooth, Shockless Engagement—permits rapid opera- 
tion without backlash or chatter. 


Highly Effective Cooling—maintains lower operating 
temperatures; permits fast, repetitive actuation 


Self-Adjustment—cautomatically maintains proper clear- 
ance between armature shoes and field magnet 


Simple, Accurate Control—manual or automatic; may 


be had to operate on 110, 220, or 440 volt, 60 cycle, 
alternating current. 


Low Maintenance Costs—result from unique design 









features and superior quelity of construction, assuring 
3 CLUTCH long operating life and minimum down-time 


Eaton Dyna-torQ Clutches and Brakes are elec- 
trically operated, disc-type friction units having 
two basic components: a field magnet and an 
armature. Torque is transmitted as the magnet 
pulls the armature into engagement. Because the 
pull of the magnet is direct without intricate link- 
age, and the movement of the armature is slight, 
Dyna-torQ units are capable of extremely rapid 
response in clutching or braking. 
Ask us to tell you how these Dyna-torQ units on Te apne RO 

will fit your equipment. 


WIDE RANGE OF SIZES AND CAPACITIES 


Send for Illustrated Descriptive Literature 


———— DYNAMATIC Division—————‘—_- 
MANUFACTURING COMPANY 


3307 FOURTEENTH AVENUE *¢ KENOSHA, WISCONSIN 
Circle 302 on page 17 








Model A25 
5-ton 





Model A50 





One man oper- 

ates battery of 

AUTOMOLDS. 

Lowest cost press, simple air line con- 
nection, plug-in 110-220 v. circuit. 
Easily maintained pneumatic power. 
Molds set up in 2 hours: we test run 
your mold in our plant. Brochure 


AUTOMATIC MOLDING MACHINE (CO. 
Sub. Wagner Brothers, Inc 
3201 Exposition Pi., Los Angeles 18 
400 Midland, Detroit 3 
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5 was Jesse Daugherty, staff vice 
president, Engineering, Giddings & 
Lewis Machine Tool Co. 

Mr. Daugherty received the ASTE 
Engineering Citation which reads: “A 
leader of foresight and daring, in the 
automation of machine tools, he has 
guided the development and refinement 
of a fundamental tool path program- 
ming technique. His gifted abilities 
have contributed greatly to the rapid 
advancement of numerical control of 
metal removal processes.” 


EIA Reliability Committee 
Reorganized 


The Reliability Committee of EIA was 
recently formed to provide a more 
dynamic coverage of the field of re- 
liability in keeping with fast-moving 
and fluid problems of modern elec- 
tronic weapons and allied fields. 

The Committee becomes the Military 
Electronic Applications Committee 
(M-7). L. M. Clement, of Avco Manu- 
facturing Co., will continue as chair- 
man. 

In addition to the redesignation, 
M-7 subcommittees have been estab- 
lished and their new chairmen are as 
follows: “Reliability” (M-7.1)—L. M. 
Clement: “Maintainabilitv” (M-7.2 
Miaj. Gen. F. L. Ankenbrandt. of RCA; 
“Value Engineering” (M-7.3)—Rear 
Admiral R. S. Mandelkorn (USN-ret.). 
of Lansdale Tube. 


Third EIA Conference on 

Reliable Electrical Connections 

The 3rd EIA Conference on Reliable 
Electrical Connections is scheduled for 
December 3, 4 and 5, in Dallas, Tex. 
Neither authors of papers nor partici- 
pants need be members of any associa- 
tion. This conference is open to any- 
one in the electrical manufacturing or 
electronic field. 

In contrast to the usual conference: 
and symposiums, this conference will 
be conducted along unusual lines: all 
papers to be presented will be ready 
for distribution in printed form 6 
weeks in advance of the conference; 
no time will be wasted listening to 
the reading of papers—instead, authors 
will give a brief summary of their 
papers to introduce the topic and then 
the conference will be thrown open to 
questions and discussions; each day’s 
session will be a complete entity, so 
that men who cannot stay the full three 
days will derive the maximum benefit 
from their selected topics; there will 
be no exhibits, no formal lunches or 
dinners, and no entertainment because 
of the importance of the subject. 

Those who can _ contribute case 
histories or an appropriate paper 
should write to general chairman R. 
George Roesch. 1068 So Clinton at. 
Syracuse 4, N. Y. The deadline for 
papers is August 15. 





Book Reviews 





Calculus For Electrenics. By A. EF. 
Richmond. McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 36, 
N. Y. 407 pages, price $8.25. 


Practicing engineers should find this 
work of use in reviewing calculus pro- 
cedures. Beginning with fundamental 
concepts, the book develops the basi 
operations of differential and integral 
calculus and advances to such special 
topics as the complex € xponential rep- 
resentation of a physic al sinusoid, Tay- 
lors expansions of functions of two 
independent variables, Fourier’s series, 
and an introduction to differential 
equations. 

Applications of calculus methods to 
television, radar, loran, and transistors 
are also included. As each topic is dis- 
cussed, it is illustrated with examples 
taken directly from electricity and elec- 
tronics. All symbols used were chosen 
with regard to published standards. 

The appendix contains all the tables 
needed to work any type of calculus 
problem. Short tables of the most fre- 
quently used derivatives and integrals 
have been printed inside the back cov- 
er where thev can be found qui kly. 


Electronic Designers’ Handbook. 
3y Robert W. Landee, Donovan C. 
Davis, and Albert P. Albrecht. Me- 
Graw-Hill Book Co.. 330 W. 42nd St., 
New York 36. N. Y. 1016 pages, 982 


illustrations, price $16.50. 


This handbook of fundamentals and 
data is intended to help the reader in 
the design of all types of electroni 
equipment. A large number of the 
circuits used in many different applica- 
tions is covered, together with theoreti- 
cal and technical discussions and ex- 
planations, design examples to show ap- 
plication of theory, and graphical and 
tabular data needed in day-to-day de- 
sign work. 

The entire electronic field is covered, 
ranging from vacuum tube and transis- 
tor fundamentals, voltage and power 
amplifiers, to such topics as computers 
and servomechanism techniques, wave- 
form and network analysis. 

Many special topics are covered: 
transistor circuit design, filter design 
data, magnetic circuit design data, net- 
work analysis and circuit theory, feed- 
back system analysis and receiver de- 
sign. Each of these subjects is covered 
in a concise and clearcut manner. 

In addition, there is useful informa- 
tion on the analysis of complex wave- 
forms, graphical presentation of the 
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e 


This is the kind of family sure to 
nguished fashion 

While they are all midgets, these ca- 
pacitors all have an outstanding ability 
to do their jobs as well as capacitors 
many times their size 

‘Their tuning elements virtually elimi- 
nate losses in tuning range because of 
air dielectric resulting in wide range of 
minimum to maximum capacity. Tun- 
ing sleeves are at ground potential, 
locked internally by a permanent ten 
sioning device which holds the setting 
under severe conditions of vibration or 
shock. 

Most important, however, is that all 
benefit from Cambion responsibility 
of manufacture. Whether in stand- 
ard or custom manufacture, Cambion 
electronic components invariably guar- 
intee dependable performance. Each 
contributes at the highest level to the 
finished product of which it is a part 

Cambion research and experience 
stand ready to help you solve com- 
ponent problems. For specifications and 


make its way 1n dist 


ST." range 15 t MIMIPT 


prices write Cambridge 
Corporation, 453 Concord 
bridge 38, Mass. West C 


maintained by E. V. Roberts 
sociates. 5068 West W wshington Bl 


In 


Los Angeles 16, California 


Carsbeide e Thermionic of 


Limited, Montreal 28, P.Q 


New Series X Stand-Off 

ceramic dielectr re except 

re gene se KI y ss 
7} 

s I r ty 
er extre 

i oO 

Av é ‘ 


(Gv CAMBRIDGE THERMIONIC CORPORATION 
J! HOLN 


Makers of ead electronic components, custom or standard 
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Duck, Smedley! 


That pot 
isn’t magnetized! 


Space ship designer Smed- 
ley forgot there is no gravity 
in outer space and a perma- 
nent magnet in the bottom of 
the pot could have assured its 
sticking to the galley range. 


A vendor is useful if he an- 
ticipates customer’s needs and 
problems. This is our end and 
aim. 


By the way, if you want a 
small magnet for your own 
coffee pot, send 25 cents (for 
handling). Our business is 
and the 
magnet will hold the coffee 
pot down, but Smedley, what's 
going to keep the coffee in the 
pot in gravity-less space? 


magnetic material, 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets @) Magnetic Tapes (')\ \ 


a 
Laminations <<] and Wound Cores ~y 





1114 East 23rd Street, Indianapolis 7, Indiana 
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amplitude and phase characteristics of 
RC parallel-T and RC bridged-T cir- 
cuits, and graphical performance data 
for constant-k and m-derived filter sec- 
tions having dissipation. 

The aim throughout is to provide 
ample discussion of principles together 
with detailed examples showing appli- 
cation of this theory to the solution of 
actual design problems. 


Proceedings of Second Confer- 
ence on Instrumentation and 
Control in the Process Indus- 
tries. Armour 
tion, 10 W. 
145 pages. 


Research Founda- 
35th ites Chi ago 16. Il} 
price $4.00. 


Text includes twelve technical papers 


on instrumentation and control devel- 
opments which were presented by lead- 
education, research. 


at the Second Confer- 


ers in industry. 
and government 
ence 

The meeting. sponsored by the Foun- 
dation in cooperation with the Chicago 
Instrument 
America, was held February 
1957, in 


chapter ot the Society of 
6 and 7, 


Chicago. 


Proceedings of Fourth Annual 
Computer Applications Sym- 
posium. Armour Research Founda- 
tion, 10 W. 35th St., Chicago 16, Ill. 
Price $3.00. 


Included in the booklet are 
texts of the fifteen papers presented 
at the Conference on October 24 and 
25. 1957 by engineering and 


representatives. 


complet 


business 
Proceedings of the 
Third (1956) and Second (1955) Svm- 


posia are also available at $3.00 a copy. 


Maintainability of Electronic Sys- 
tems, Proceedings of the EIA 
Symposium, December, 1957. 
Engineering Publishers. GPO Box 
1151, New York 1, N. Y. 104 pages, 


price $5.00. 


In the keynote address which appears 
in these Proceedings, Edward J. Engor- 
on, Director of Maintenance Engineer- 
ing in the Department of Defense. holds 
that maintainability is a design param- 
eter of electronic 
he defined. 
Further, 


equipment that can 
measured and_ specified. 
maintainability can be im- 
proved, can be taught, is worth paying 
for, and is essential to reliability. 
Eighteen top engineers from the mil- 
itary and industry join Mr. Engoron 
aspect of electronic 
design. The subject matter ranges from 
the concepts and 


in discussing this 


requirements for 
maintainability to the practical means 
by which maintainability 
designed into various 


types of electronic equipment, includ- 


acc eptable 
levels can be 


ing those intended for ground. airborne 
and missile applications. 





Basic Feedback Control System 
Design. By C. J. Savant, Jr. Mce- 
Graw-Hill Book Co., Inc., 330 W. 
42nd St.. New York 36, N. Y. 418 


pages, price $9.50. 


The book features a new approach to 
instead of using 


only the frequency analysis method, it 


automatic control: 
bases the design on a combination of the 
root-locus method and the frequency 
method. Most of the text is developed 
by means of practical, numerical ex- 
amples. Components are discussed from 
the point of view of how to use them it 


designing systems, rather than just 
; ; 
how thev work. 

The fundamentals of servomechanism 
theory and design are 
tical methods 


such as Nyquist and Bode are included 


taught by prac- 
examples. Frequency 


lor completeness. \ wide range of ser 


vo transducers and components are 
covered. 


Although emphasis is placed 


on linear servomechanism design, a 


chapter is included on non-linear servo 


analysis. 
Many special tables permit the de 
sign of certain components such as 


? 
bridged and parallel-T notch networks 
Numerous appendices are included 


for reference. 


Man, Metals and Modern Magic. 
By Dr. J. Gordon Parr. American 
Society for Metals. 7301 Euclid Ave.. 
Cleveland 3 
$2.95. 


Ohio. 235 pages, price 


In luded he re 


fully illustrated chapters. 


in fifteen easily read and 
replete with 
pictures, maps and charts, is an en- 
lightening documentation of the discov- 
eries of the metals that make us what 
we are today. 

The book 
that ushered in today’s era of exciting 
better 
sational, humorous, but always factual, 
it takes the reader back to 6000 B.C 
and carries him through the centuries 
until 


reveals the discoveries 


living through metals. Conver- 


today’s metallurgical stumpers 
are surveyed. 

The author. with a minimum of tech- 
nical data, tells how a pitiful animal, 
man. blossomed into a thinking, crea- 
tive being as metals lost their magi 
and became the material around which 
life was centered and by which life 


was measured. 


Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 
further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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HOW MANY WAYS CAN 


Sporiall ‘Hrrpore 


CUT COSTS FOR YOU? 


POLYETHYLENE 
MOUNTING FOOT 















NYLON S$ 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
plionces, etc. Assem- 
bles into round hole 
in wood or metal 


cabinets. 


NAP-IN NUT 


TT Teme t-te) 
hole stamped out of 
sheet metal... pro- 
vides secure anchor- 
Oe ae 
metal or self-tap- 
a eS eT Lib 
eftective electrical 
a s 


PLUG BUTTONS 





Ves 


Snap into '4" to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 


sizes. 


OCK TEENU 


Re-usable, self-lock 


na, one-piece, a 





How many of your products employ 
laborious, old-fashioned fastening meth- 
ods where simple fasteners could do the 
C on x job and cut costs, too? How 
LTA many parts and sub-assem- 
blies can be adapted to include a self- 
fastening feature? How many future 
products could be improved by advance 
planning for fastener efficiency ? 





United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


QUICKEY. FASTENER 


Eliminates need for 


THREAD CUTTING FASTENER 


“ > Re-usable, self-lock- 
welding or swaging ing, vibration-proof 
Pat ti! fastener cuts clean, 
stampings, facili deep threads cn un- 
tates nesting, elimin threaded chrome- 
ates damage plated studs. Avail- 


able for 's", *«” and 


ad studs. 


ache ah 


Quickey snaps in be 


fle MB stl L Mott Tul 1 by 


FISHTAIL RATCHET PLATE TRIMOUNT STUDS 










Holds on smooth, 
die-cast metal or 
plastic studs to an- 
chor name pictes, 
trade marks etc. on 
oppliances, automo- 
biles, electronic ap- 


lt Me a 
Sle tl te) at 
aCe eam ed 


Mea tule a) e 


Fy saa. installed by hand. In- 
Se ee ees gor 
Me aa 

an —" iS 





paratus, etc. Many shapes and 
SOL-A-NUT DURABLE DOT FASTENER 


Self-locking, rust- 
less, heat resistant. 
Sturdy, one-piece 
stainless steel con- 
struction prevents 
corrosion if nicked 
or scratched. 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 


+ 6 
Cd 


rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 





MAKERS OF FASTENERS 
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How the man from Tensolite a S helps Clifton Precision Products... 











THERE IS 
ONLY ONE 
GUDELACE: 
THE 
ORIGINAL 
FLAT 
BRAIDED 
NYLON 
LACING 
TAPE 
MADE BY 
GUDEBROD 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + GUDE-NYLACE 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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Men in Industry 








William Few has been appointed 
chief engineer of Furnas Electric Co.. 
Batavia. Ill. manufacturers of electric 
motor controls. Before coming to Fur- 
nas. he was director of engineering for 
Penn Controls. Inc., Goshen, Ind., for 
four years. Prior to this, Mr. Few was 
with Clark Controller Co., Cleveland, 
Ohio, for fourteen vears 


Dr. John R. Ragazzini, Chairman of 
the electrical engineering department 
at Columbia School of 
Engineering, has been named dean of 
New York College of 


Engineering. An authority on electronic 


University’s 
University’s 


computers, control systems, and related 
devices. Dr. Ragazzini has conducted 
and directed numerous research proj- 


ects. 


Edward |. Brown has heen appointed 
director of engineering for the Machin- 
ery Hydraulics Div. of Vickers Inc.. 
Detroit. Mich. Prior 
ment. he was chief engineer, Torrance 


Plant. Aero Hydraulics Div. of Vickers 


to this appoint- 


Torq Engineered Products. Inc.. 
Bedford, Ohio, has appointed L. C. 
Schaefer vice president in charge of 
engineering. Mr. Schaefer was formerly 
engineering manager. Industrial Motor 
Dept.. Westinghouse Electric Corp. He 
recently was responsible for the com- 
plete motor re-rating program carried 
out by his plant. 


Winston O. Faith has become director 
Engineering of Varo 
Manufacturing Co., Garland, Tex. Prior 
to this, he was group engineer at Temco 
Aircraft in the field of automatic con- 
trols and at Chance Vought in servo- 


of Advanced 


mechanisms. 


Arthur J. Warner, formerly with the 
L.T.&T. Corp., has joined DeBell & 
Richardson, Inc., consulting engineers 


in the plastics field, at Hazardville, 


Conn.. as an insulating and semi-con 
ductor consultant to the electrical and 
electronics industries. Mr. Warner has 
made notable contributions, both in 
England and the U.S., to the fields of 
high-frequency cables and high-quality 


insulating materials 


T. H. Bloodworth has been made 
chief systems engineer of the Allis 
Chalmers Mfg. Co.. Electrical Applica 
tion Dept. He has been with Allis 
Chalmers since 1929 and had been 
supervisory engineer in the electrical 


application department. 


General Electric Coos Communica 
tion Products Dept... Syracuse, N. ¥ 
has appointed David C. Pinkerton man- 
ager of Advance Engineering, to suc- 


ceed R. P. Gifford, who rec ently was 


named manager of engineering. Mr 
Pinkerton has had 20 years’ experience 
with GE in both research and applica 


tion engineering 





Leonard S. Buchoff has been named 
chief plastics engineer of Electro Tee 
Corp., So. Hackensack, N. J. Mr. 
Buchoff will be 


velopment and 


responsible for de- 
quality control of 
plastics. Prior to joining Electro Tec, 
he helped develop improved extrusion 
equipment and formulations at the 
National Plastics Products Co. 
Maurice formerly technical 
director of the Battery Research Dept. 
at U. S. Electric Corp., has joined 
Yardney Electric Corp., New York City, 
as head of the Primary Battery Div. 
Mr. Lang will coordinate all activities 


Lang, 


of the division—research and develop- 


ment, mechanical and engineering. 


Edwin A. Raney has been appointed 
manager of the Dynamics Div. of Wyle 
Research Corp., El Segundo, Calif. Mr. 
Raney comes to Wyle from North 
American Aviation where as senior re- 
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How the man from Tensolite 


TENSOLITE magnet wire 


Hundreds of synchros fly with the Air Force’s new B-58 
“Hustler,” supplying intelligence for fire control, navi- 
gation, automatic pilot and other servo systems. Many 
miniature synchros for these servo systems are manu- 
factured by Clifton Precision Products Company, Inc., 


Clifton Heights, Pa., and they are literally “worth their 
weight in gold.” Reliability is—by far—the prime design 
consideration. 

That’s why Tensolite magnet wire insulated with 
“Teflon” resin was picked for the windings. CPPC dis- 
covered that sharp bends on the machine wound armatures 
did not break down the insulation on the wire. Even 
Clifton’s rigid inspection system failed to turn up rejects 
caused by magnet wire failure. 

If your product calls for ultimate reliability, investigate 
the many advantages of Tensolite magnet wire. Designed 






Miniature synchros, wound with Tensolite insulated magnet wire, 
pass rigid inspection at Clifton Precision Products Company, Inc 


picked for CPPC synchros 


to meet MIL-W-19583, it is supplied in wall thicknesses 
ST, HT, TT and QT in AWG sizes 18 through 44. Just call 


the man from Tensolite for complete details. 





j MME nsv_mrer WIRE CoO., INC. 


West Main Street, Tarrytown, N.Y. « Pacific Division: 1516 N. Gardner St., Los Angeles, Calif. 
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SELF 
LOCKING 


BOLTS 
and 
SCREWS 


ONG-LO 


V MANUFACTURED TO M 


K”’ 


ACTUAL SIZE 
LONG-LOK 
NO.00 SCREW 





SIZES: No.00 upwards 
Aircraft or 
Test mel iia 


ECONOMY is a watch-word in our modern 
defense program — 


REDUCE YOUR END ASSEMBLY COSTS — Elim 
nate safety wire and other “extra-operation 
ocking method USE LONG-LOK se'/f-lock- 


REDUCE “WASTE WEIGHT” -— Use LONG-LOK 
elf-lo y screws and bolts in tapped frames 


na f anaes 


and 5 thus using shorter bolts and 
ELIMINATING — NUTS, LOCK WASHERS, SAFE- 
TY WIRE! 





LONG-LOK — also eals 
ainst fluid leakage 


ag iG 3 
WRITE FOR DETAILS TO- 
DAY. 


2018 Colorado Ave., 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 





H ERE'S a new way to use the ELECTRICAI 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang th« 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver 
as a handy book-mark. 


. also can serve 
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Santa Monica, Calif. 





The 8th Edition of Who's Who 
in Engineering is scheduled for 
publication at the end of this 
year. The editors report that to 
date 25 per cent of those listed 


in the previous editions have 
failed to reply to a mail canvas 
for updating purposes. 

The Editors point out that in- 
formation not brought up to date 
by the individuals will not be 
reprinted in the new edition. 
Therefore, it is urged that those 
listed in Who’s Who in Engineer- 
ing (7th edition) and who have 
not done so, return the clipping 
promptly, or if they did not re- 


ceive a ¢ lipping, to please contact 
the Editors (265 W. th kes 
New York 11, N. Y.). 





search engineer, Reliability Group, he 
established environmental criteria for 
the GAM-77 air-to-surface missile for 
the B-52. 


Ames F. Giordano has been appointed 
chief engineer of Blonder-Tongue 
Laboratories. Inc.. Newark N. J. He 
will have responsibility for develop- 
ment of closed-circuit TV cameras and 
monitors, master TV antenna systems, 
uhf converters and TV signal boosters. 


George G. Brown has joined United 
States Testing Co., Inc., Hoboken, N. J., 
as director of engineering operations 
Mr. Brown will direct the electronic, 
mechanical and materials engineering 
laboratories. 


Postcard return cards are provided 
on pages 17 and 19 as a convenience 
to the reader in obtaining 


New Components and Materials 
Additional data from the supplier 


of any item reviewed 


Literature for the Design 
Engineer 
4 copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 


Single copies of selected feature 


articles 


Advertised Products 
More information on any product 


or service described. 
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as continuous ins 


When Enjay Butyl i 


are virtually eliminated, p 
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iar aluminum conductor 
; rs 
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ENIAY BUTYL 


helps keep costs low in new Aluminum Busway! 


Enjay Butyl is extruded over the full 
length of the conductors used in General 
Electric’s new Type DE Busway, the first 
busway designed specifically for aluminum. 
This new busway incorporates all 22 
features that engineers consider important 
in busway design, yet it is up to 30% 
smaller and 50° lighter than other busways 
of comparable rating. 


Enjay Butyl rubber is ideal for use as 
continuous insulation of tubular conductors 
because of its inherent resistance to ozone 


and to heat aging. Add Butyl’s excellent 
electrical properties, its vuleanizability and 
the fact that it is the lowest cost rubber on 
the market—and you'll understand why 
it was chosen above all other rubbers to 
do this job. 


Every day manufacturers are discover- 
ing new ways to use economical Butyl. 
Find out how Enjay Butyl rubber can cut 
production costs for you. For further in- 
formation and expert technical assistance, 
contact the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akron « Boston * Charlotte « Chicago « Detroit + Los Angeles * New Orleans * Tulsa 


JUNE 1958 
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BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear « chipping « cracking « 
ozone and corona « chem- 
icals « gases « heat « cold e 
sunlight « moisture. 
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MU ies 
A (BRAY |S 
mS Ti 
eat 


Flush fit on both sides of alu- 
minum sheet to provide per- 
manent tapped holes. 
Available in Five sizes for use 
in metal thickness from 
1/16” up—in thread sizes 
from 2/56 up. No special 
tooling required. Drilled or 
Punched round hole + .002 
eval hvaa-e (elie 01 
MATERIAL: Stainless steel 
303 as per MIL S-853A. 
FINISH: Passivated as per 
MIL P-12011. 

Four additional types also 
available, including one type 
which provides a permanent 
thread in thin aluminum that 
meets MIL SPECS P-11268, 
E-5400 and E-16400. A com- 
plete line of CAPTIVE STUDS 
eek Nel lelice 

Write, wire or phone for 
complete specifications. 


NATIONAL COMPANY, INC. 


e 
National 
hae eye! De Malden 48, Mass. 
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Company Briefs 





Hughes Aircraft Co. and Monogram 
recision Industries, Inc., both in Culver 
City, Calif., have signed an 
permitting 


agreement 
Monogram to manufacture 
i new group ot microwave devices de- 
veloped by Hughes’ research and de- 
laboratories. The license 
makes available to the Cascade Research 
Div. of Monogram technical informa- 
tion developed by Hughes for the pro- 
duction of wide-band ferrite isolators. 


velopment 


The Edin Co., Inc., Worcester, Mass., 
will merge with Epsceo, Inc., of Boston. 
The Edin Co. will operate as a division 
of Epsco and will manufacture medical 
and industrial instrumentation. Its op- 
eration will continue at its present 
location, 207 Main St.. Worcester. 


A new plant for the manufacture of 
sensitized materials has been opened 
at La Habra, Calif., by the Ozalid Div. 
of General Aniline & Film Corp. It will 
serve eleven western states and part of 
Texas. Alaska, Western 


also Canada 


and Hawaii 

Robertshaw-Fulton Controls Co. plans 
fifth and de- 
velopment center to seek out advanced 


1 


to construct a research 
devices for use in 
the home and industry. It is to be called 
the Eastern Research Center and will 
be located 14 miles from the 
of Philadelphia in the town 


Prussia 


automatic control 


center 


of King of 


The Leach Corp. rec ently opened new 
manufacturing, and re- 
search and development facilities at 


18435 Susana Rd., Compton. Calif 


administrative 


Development and start of mass pro- 


duction of economy-priced miniature 
rectifiers by General 
Instrument Corp., Automatic Mfg. Div., 
Newark, N. J., is break 


open the semi-con 
ductors in 


silicon power 
intended to 
market for 


consumer! 


mass 
and commercial 
products. It is expected that this “price 
breakthrough” would help open up a 
$100,000.000 market 
for silicon rectifiers. 


within two vears 


Consolidated Electrodynamics Corp., 
Pasadena, Calif.. and Sequoia Wire & 
Cable Co., Redwood City. Calif.. 
signed a non-exclusive licensing agree- 
ment 


have 
giving Sequoia the right to 
manufacture and market ceramic-coated 
wire using Ceramicite. a new ceramic 
insulating material developed by Con- 
solidated. 


After more than 30 years in Colling- 
dale, Pa., a Philadelphia suburb, the 
Shallcross Manufacturing Co. is moving 
its entire operation to North Carolina. 
A new 41,000 sq-ft plant is nearing 
completion in Selma, N. C., 
south of Raleigh. 


28 miles 


General Cement Manufacturing Co., a 
division of Textron Inc., has purchased 
the American Microphone Div. of Elgin 
National Watch Co. The new company 
will be American 
Manufacturing Co., a 
Textron Inc. 


name Microphone 


cc- 


division ot 


The Brush Electronics Co. has 


changed its name to Brush Instruments, 
Div. of Clevite Corp. 


Kearfott Co., Inc., Little Falls, N. J., 
recently established its Van Nuys, 
Calif.. facility as the Microwave Div. 
The newly-named division has been 
rapidly expanding its activities in the 
manufacture and 


application of pre- 


cision microwave systems and compon- 


ents including ferrite devices, wave 
guide assemblies and microwave an 
tennas. 


Construction of a permanent plant 
for the General Electric Computer Dept. 
Valley Park, near 


Occupancy is scheduled 


will begin in Deer 
Ariz 


for January of next vear. 


Phoenix, 


The Boards of Directors of Cutler- 
Hammer, Inc., Milwaukee. Wisc., and 
Airborne Instruments Laboratory, Inc., 


Mineola, N. Y.. approved an 


agreement providing for the acquisition 


have 


Airborne 
Cutler- 


of the assets and business of 
Instruments Laboratory by 


Hammer. 


The Sola Electric Co. of Chicago has 
become a division of Basic Products 
Corp. of Milwaukee. Sola has become 
one of the leading designers and pro- 
ducers of specialty 


dry-type trans- 


formers. Their four major products are 


constant voltage transformers, fluores- 
cent ballasts. mercury-vapor lamp 
transformers and regulated d-c power 


supplies. 


The Research Instrument Corp., 7962 
S. E. Powell Blvd. Portland, Ore., has 
changed its name to RINCO, Inc. This 
follows a change te the new 
RINCO-POT for 
line of potentiometers, 
as Verni-Pot. 


recent 


trade name their 


formerly known 
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ARNOLD ENGINEERING (COMPANY 


Main Office & Plant: Marengo, Illinois 
Ropath Pacific Division Plant: 641 East 61st Sweet, Les Angeles, Cali 


District Sales Offices: 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Withire Bivd. 


New York: 350 Fifth Ave. Washington, D.C.: 1001-15th St., N.W. al 
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ELECTRO-MAGNETIC 
DISC 


ALOOR MOUS 


on 


<< BRAKES 


... Quietly stop 
individual 
Shafts or 
motors — fast 











e For fast, direct attachment to shafts, 
or “double-end” electric motors that 
you have on hand no 
required 


couplings 


@ For local, manual — or remote, auto- 
matic, or pushbutton control 


e For economy — smaller, less costly 
brakes can be used for stopping in- 
dividual shafts 


e For superior performance Specify 
Stearns ... the brakes with exclusive 
“Visi-Indicators” for wear . and long- 
est, dependable, trouble-free, quiet op- 
eration 





Stearns Style ‘‘H''—70 Series 
Floor Mounted Brake. One of 
6 Styles shown below. 


SIX STANDARD STYLES — TORQUE RANGE — 1 to 575 LB FT — AC or DC OPERATION 









“HT” 7O SERIES 
Torque Ronge — 10 to 75 ib h with 


pen — Dnp proof enclosure 





MT” 70 SERIES 





STYLE “HW 






Seune feng — lb h = Style “H" 70 SERIES 1000 & 1200 SERIES 

Dust nght, Woterproo! enclosure -? 5 & -* Same 
Torq e ye 3 0 bh = _ 

Oper O-g ee 


For practical solutions to YOUR starting-stopping problems call the Stearns Representa- 
tive in your vicinity. Or write stating your specific requirements, directly to... 


BE ELECTRIC CORPORATION 


120 NORTH BROADWAY 


MILWAUKEE 2, WISCONSIN 
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ANOTHER IN A SERIES - 
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Engineering 
Standards 


Standards of Steatite 
Manufacturers Association 





First edition contains up-to-date infor- 
mation on the various grades of steatite 
its composition, comparative electrical 
properties, methods for testing, and 
uses. 

Copies may be obtained for $1.00 by 
sending check to George P. Byrne. Jr 
Steatite Manufacturers Association, 53 


Park Pi. New York 7. N y 


EIA Standards 


Definitions For Numerically-Controlled 
Machine Tools, including Machine Axis 
Nomenclature, Automation Bulletin No. 
3, is now available. These definitions 
are suggested as a first attempt at a 
minimum nomenclature and are not 
intended to be rigorous or exhaustive 
\ block diagram of a contouring svs- 
tem is included to clarify certain terms 

Copies are available for 50 cents 
from EIA Engineering Dept.. 11 W 
12nd St.. New York. N. ¥ 


ASA Standards 
The ASA has approved as American 


Standards three revised specifications 
of the ASTM covering electric conduc- 
tors. They are: 

American Standard C7.1-1957 — 
ASTM B3-56, “Standard Specifications 
for Soft or Annealed Copper Wire”: 

American Standard C7.25-1957 — 
ASTM B187-55, “Standard Specifica- 
tions for Copper Bus Bar, Rod, and 
Shapes”: and 

American Standard C7.37-1957 — 
ASTM B246-56T, “Tentative Specifica- 
tions for Tinned Hard-Drawn and 
Medium-Hard-Drawn Copper Wire for 
Electrical Purposes.” 

Copies are available at 30 cents each 
from American Standards Association, 
70 E. 45 St.. New York 17, N. Y.. or 
from American f 
Materials, 


3. Pa. 


Society for Testing 


1916 Race St.. Philadelphia 


Postage return cards are provided 


on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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New Waldes Truarc Reinforced “E-ring” Provides 
5 Times More Gripping Power, 50% Higher 
RPM Limits Than Conventional E-Type Rings 


The new Waldes Truarc Series 5144 is aw adially-installed rein- 5. 


WIDER APPLICATION — because series 5144 rings made of 
forced ‘‘E-ring.’’ It is designed for use in assemblies where 


aluminum are stronger than conventional ‘‘E-rings’’ made of 
the ring is subject to strong push-out forces resulting from steel, the fastener may be used in applications where corro- 
heavy vibration and shock loads, high rotational speeds or 


sion resistance or weight are factors. 
relative rotation between the retained parts. 
Truarc Series 5144 Reinforced ‘‘E-rimgs’’ are available for 
shaft diameters from ¥,—?7,, in. in carbon spring steel, stainless 


steel, beryllium copper, aluminum, and phosphor bronze. They 
1. GREATER GRIPPING STRENGTH — approximately five times are available s 


stacked on rods for high speed installation with 
greater than conventional ‘‘E-rings’’ of the same metal and 
thickness. 


Series 5144 provides the following application advantages 
over conventional E-type fasteners: 


Truarc applicating and dispensing equipment. 


6 


; As in all Truarc rings, you get statistically controlled quality 
2. HIGHER RPM LIMITS—approximately 50% higher in most sizes. 
from engineering and raw materials to the finished product. 
Complete selections are available from leading OEM distribu- 
tors in 90 stocking points throughout the U. S. and Canada. 


4, LOWER GROOVE COSTS — because recommended groove toler- Design Engineering Service is available to you. Send us your 


3. POSITIVE LOCKING IN THE GROOVE—large corner radii or 
chamfers can be accommodated without separator washers. 


ances have been increased, machining grooves for the series blueprints. Let our Truarc engineers help you solve design, 
5144 is less expensive. assembly and production problems... without obligation. 


SEND FOR FREE SAMPLES ("> @--— “&\ AND ENGINEERING DATA 


WALDES Oe ¢ Sa._---------------, 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.I.C. 1, N.Y. 


¢ 
f 2 (] Please send me sample Reinforced “‘E-rings.” 
3 (please specify shaft size)_____ESEEEssSsSSSSSsSses 
- [) Please send me Engineering Data Sheet 
\ ® cineca cscs odin 
ae ; Teese ee sc ganglia 
“~y\ 
} ee ee 


pe 


--\ RETAINING RINGS — Business Address —__ 


a a iipeeciticciaenes 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. 


a aie 


Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Rep- 
resentative and Authorized Distributor. Look under ‘‘Retaining Rings’’ or ‘‘Rings, Retaining.” 
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UO sae MN st 
OF MOTOR FACTS 
FROM ALL INDUSTRIES 


Westinghouse fitelinehy, 
motors helped save *13,500 
in olive pitting operation ... 
at Bell Packing Corporation, Berkeley, California 


Continuously driving brine pumps for olive-pitting 
operation, Westinghouse motors have helped cut production 
costs, improved product quality 


‘Westinghouse Life-Line® ‘A’ motors make possible the profitable 
functioning of the new pitting room in our olive canning plant,”’ 
states Mr. William Carlson, Plant Superintendent at Bell 
Packing Corporation, Berkeley, California. 


Mechanizing this operation has increased production 15°; and released 

a good share of the normally required manpower for use elsewhere in the plant. 
In three years, Bell Packing reports a saving of $13,500. In designing 

the area, Bell Packing Corporation considered the choice of motors 

for the brine pumps the most serious problem. Westinghouse 1 hp Life-Line 
**A”’ motors were chosen on their record of long-term, trouble-free life 

under the toughest conditions. 


POWER-UP with the motor designed to meet modern industry’s needs. 
For complete information, call your Westinghouse sales engineer or 
distributor. Or, write Westinghouse Electric Corporation, 

P.O. Box 868, 3 Gateway Center, Pittsburgh 30, Pennsylvania. 


“cy 


you CAN BE SURE...IF ws Westinghouse Wi 


Mr Car or r es own ie wo L ife Line A rT otors wr cr >ar rma f art f r 
operation of this roon hese two 1 hp, open DP type motors have been rur 

three years and despite constant splashing from brine and fresh water have prover 
trouble-free and economical, 
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TEFLON INSULATED 
WIRES AND CABLES 


FOR HIGH TEMPERATURE APPLICATIONS — 
AND WITH UNEQUALLED ELECTRICAL AND 
MECHANICAL PROPERTIES. 













Made to MIL-W-16878 
specifications with 
either wrapped or ex- 
truded insulation, ond 
with complete cabling 
facilities available to 
meet your exacting 
specifications. 


COMPARE THESE 
PERFORMANCE CHARACTERISTICS 


REX TYPE EE 


Operating Temperature 200°C to —65°C 200°C to —65°C 


Continuous 


REX TYPE E 


Operating Voltage 600 volts RMS | 1000 volts RMS 
Spark Test | 3000 voltsRMS | 4000 volts RMS 
Dielectric Strength | 2000 voltsRMS =| 3000 volts RMS 
Power Factor i .005 Mox. .005 Mox. 
Dielectric Constant 2.2 Max. 2.2 Max. 
insulation Resistance >5000 meg /1000' | 75000 meq /1000° 
Moisture Absorption Nil | Nil 
Flammability Non flammable Non fiammable 
Solvent Resistance | Unoftected by | Unoffected by 
any a any commercial 
| reagents 


CABLING IS 


iris eben oa 


A hex SPECIALTY 


Complete design and cabling facilities 
cre available to handle all cabling 


problems — efficiently, perfectly. The 
————— Ss Rex reputation as the foremost 


specialist in designing and manu- 
focturing cable justifies your complete 
confidence. 


EX OFFERS YOU A COMPLETE LINE OF WIRE 
AND CABLE FROM ONE SOURCE WITH 
CENTRALLY LOCATED WAREHOUSES FOR FAST 
EFFICIENT SERVICE. 


@ Military Specification Wires 








® Microwall Wire and Cable 


@ Coaxial Cables © Communication Wires 


@ Electronic Control System Wire 


© U.L. Wire plus specials of all 
and Cable 


types with o variety of 
insulations. 


*Tefion registered t.m. 
Ver E. |. duPont de Nemours 


| IEX | 
vin + 0 





THE EX CORPORATION 


245 HAYWARD ROAD, WEST ACTON, MASS. 
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Engineering Applications 
of Boolean Algebra 


(Continued from page 108) 





(60a), (6la) and (62a)—are en- 
tirely equivalent. Each function when negated will yield 
an expression for the transmission 7. of Fig. 35. The 
fact that any Karnaugh map can usually be translated in- 
to a number of seemingly different functions is a con- 
sequence of the fact that there are many different switch- 
ing circuits which perform the 


All three solutions 


same job. 

Series and Parallel Karnaugh Maps. [he map of 
two two-terminal circuits connected in series is the prod- 
uct of the individual maps. The map of two such circuits 
connected in paraliel is the sum of the two respective 
maps. 

lo add or multiply two maps, add or multiply the 
corresponding entries term by term, using the rules of 
boolean algebra (see Table 1, Part 1). For example: 


UV UV 
WX \.00 01 11 10 Wx 00 01 11 10 
oo 1 1 00 1 ] 1 
ol ol ( 
1] | ] iB 1 
10 10 1 
The sum of Eqs (63) and (64) is Eq (65). The product 
of the two maps is Eq (66): 
\UV NUV 
WX \00 O01 11 10 WX \00 01 11 10 
00 | ri ai 00 | | 7 
01 ; 1 | . 
Il 1 11 | 1 
10 1 10 | 


cereale 


In order to add or multiply two maps, the same vari- 
ables must be involved. Maps with different variables can 
not be handled as simply. 


Maps of More than Four Variables. Fach time the 
number of variables is increased by one, the number of 
boxes in the map is doubled. Thus a five-variable problem 
requires a map with 32 boxes and an n-variable prob- 
lem a map containing 2" boxes. 

The five-variable map may be constructed from two 
basic maps. Each of the basic maps covers the same four 
variables, while the fifth variable is assigned value 0 on 
one map and value 1 on the other. Not only do the 
adjacencies of the basic maps apply, but in addition all 
corresponding squares on the two _ basic 
adjacent pairs. 


maps form 
Calling the new variable Y, Fig. 36 shows 


a map of this type. The solution of this example is: 


U'VXY’ + UW WX’ + U'WX'Y 

When six variables are required, the appropriate map 
can be manufactured from four basic maps by writing a 
large two-variable map each of whose boxes is a basic 
map. Figure 37 illustrates a six-variable map with several 
adjacent groups indicated. 

A model for analyzing all of these classes of problems, 
which can be purchased at any better toy store, uses the 


ELECTRICAL MANUFACTURING 











w 


@ Up to 30 pounds force. Push or pull. 

@ Full one inch stroke available. 

@ Decco shock-mounted for long life. 

@ High efficiency—silicon steel 
laminati 











@ High moisture resistance. 
@ Shock absorbing bumpers cushion 
stroke. 


TAAL 


SERIES 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 
dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 
better service for a longer time. Solenoids engineered and modified 


to your requirements. Let us discuss your problems. ait 


For complete information write— 
HQNETROIT 


WH EAN GE WROD- 
RAL WANTON 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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for Dependable Power in 


Controls and Timing 
Devices . . . Specify 


BV INC ih 


Lice eS 





precision made 


accurate 


trouble-free 





tested 51 times 


UL AND CSA APPROVED 


Built by Hansen, quality leader in timing motors, 
SYNCHRON synchronous motors operate smoothly, 
« venly in any position — at temperatures from —40 
to +140° F; start instantly under load; pull up to 
20 in. oz. at 1 -rp.m. Speeds from 0.8 r.p.m. to 


600 r.p.m. 









mame ee gam aT bya, 


STANDARD 
8 IN, OZ. 


HI-TORQUE 
20 IN. OZ. 


Compactly built to space 


say There’s big power packed 
ing dimensions Rotor and into this versatile timing mo- 
coil packed in sturdy, hand tor. One year guarantee. De- 
sized case; for timing devices pendable, accurate, trouble- 
and controls of all types free. Guaranteed torque 20 
Guaranteed torque 8 in. oz in, oz. at l r.p.m, 


at 1 ¢.p.m, 















SLO-MOTION CLOCK 


1 R.P.H. MOVEMENTS 

A new timing motor devel For standard and office 
oped — especially for slow clocks, sign clocks, novelty 
motion jobs. Guaranteed 20 clocks, and clocks of all 
in. oz. at 1 rph. (1/60 kinds up to 26” in diameter 


r.p.m.) under glass 
with a 


motor 


Precision power 
Synchron timing 












MAGNA-TORC SYNCHRON 


DC MOTOR 

Designed for aircraft instr TIMING MOTORS 
ments and radio. controls 

Armed Forces applications IN ALL SPEEDS 
proved its performance 

worldwide under all cond AVAILABLE FOR 
tions. Easily adapted to com 


mercial uses 


PROMPT DELIVERY 


SEE SYNCHRON CATALOG IN SWEET’S 








Hansen Representatives: 


The Fromm Co., 5150 W. Madison St., 
1il.; Winslow Electric Co., 123 E. 37th St., New York, 
N. Y.; Electric Motor Engineering, Inc., Los Angeles (WEBSTER 
3-7591) and Oakland, alif.; H. C. Johnso® Agencies, 
Rochester, Buftalo, Syracuse, Binghamton and Schenectady, 
York. 


Chicago, 
Inc., 


New 
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game of Three-Dimensional Tic-Tac-Toe (sometimes 
called Apartment House Tic-Tac-Toe). It consists of a 
“board” of four clear sheets stacked 


each ruled with sixteen squares. Figure 38 shows how 


plastic vertically. 
such a board may be used to solve problems involving 
up to six variables. Each sheet is a basic Karnaugh map. 
as well as each vertical plane. Moreover. each of the six 
faces of this structure must be thought of as connecting 
to the opposite face. for the purpose of determining the 
adjacencies. 

The Tic-Tac-Toe model happens to be quite practical 
as a six-variable map. However. the complexity of these 


maps increases exponentially with the number of vari- 


ables. and they soon become unmanageable.* Yet the 
complexity of the problem rarely increases as rapidly. 
For example. a telephone company does not have to 
double the size of its system for each new subscriber. 
Using the techniques of state coding. which will be 


taken up later in this series. the mathematical methods 
discussed in this part will be found adequate for all but 
the 


circuits. 


complex problems involving combinational 


For known as 
tabular reduction might have to be employed. This spe- 


most 


the remainder, the procedure 


cialized tee hnique will be published as a supplement in 
the combined reprint of this series together with a se- 
lected bibliography. 

Part II]. to appear in the next issue, will consider the 
logical analysis of specifications and the design of logical 
circuits to fulfill given requirements. 


Ar 


SPECIFY STA-KON 





SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 
@ pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints ... large contact areas ... tough, 
stable Nylon insulation ... anda permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate +22 through 
#10 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 
MANUFACTURERS OF 





ENGINEERED 


FINE ELECTRICAL FITTINGS SINCE 1898 
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Mining motors 


for heavy-duty mine equipment 


depend on performance-proven 


ROCKBESTOS A.V.C. 





na motors for heavy duty coa mining 
iene ae ading motor manufacturers de- 
: i a cr a salieri 
f 1 perf ance - prove Rockbestos 
ay rc 
A.V.C. Motor Lead Cat 
. ea £ a te 
For examp U g rs for use in Jo 
AA f + _ " 8 9 | r 
I ufacturing © anys 2£U5U nigh ca- 
pacity loa r th mon focturer < cified a 
used Rockbestos Motor Lead Ca This ca 
not only withstands oil and grease but 
Giv protect against starting er 
hb ++ roature nC +} sy 
hig atu and 1 a 
operat tortures of avy-dut 
equipment 
| Rockbestos A.V.C. Motor Lead Ca 
1 ~ 
a ~ nertor ¢ roven nr 
fala ar han ctot ° ana traction 
4 yruyv y 2 VU pul tt 
tyr r 
You, fc can 


wire perform- 
ance by specifying and using Rockbestos A.V.C 


Motor Lead and Apparatus Cable. Remember, 


ROCKBESTOS 








it ll keep its flexibility indefinitely — won't rot 


PRODUCTS CORPORATION 


NEW HAVEN 4, CONNECTICUT 
or bloom when exposed to grease — won't NEW YORK, CLEVELAND, DETROIT, 
ae ala ditdh dai CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, 
or eee ATLANTA, DALLAS, OAKLAND, SEATTLE 
Write today for full details — ask for Specifi 
cations RSS-98 
JUNE 19 
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CAPACITORS 







































AMI r Chemical & Dielectrics 
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Alien-B ‘ 16 S. Second, Mil 
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F Milwauk Wis 
cx D e } i = » 
Cor ‘ Works. 7 I us 
D ‘ x. ¥. ‘ 
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t ( S 
Er RK ‘ t 
MATERIALS e@ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES a i 
I Car a k t 
New Yor ‘ 
Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which maeperal moectvic Co. Apperntar’S 
are used in the design, engineering and manufacture of electrically operated machines, appliances ee ee + 
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\ I ‘ Chatt oga Tent CLIPS, SNAP. See Rings, Retainer 


r : Cen “ty ) f vloln ’ lt 
} P 2 Wi INSULATING. See Fabrics, | 





CLOTH, 





IT PAYS 


TO STANDARDIZE ON STANSCREW 


WF 
Lo, 





Stanscrew service helps insure 
quality for new Tuthill pump 


Marvin Williams, Works Manager, Tuthill 
Pump Company, says: “Dependable, precision- 
built fasteners are an essential ingredient of the 
quality we build into Tuthill Pumps. 

“‘Therefore, when we designed our new series 
of high pressure Powermax pumps, we had our 
distributor arrange for a visit from Stanscrew’s 
fastener specialist. The socket head cap screws 
he recommended for this demanding application 
met the stringent standards we have established. 
And because of our years of experience with 
Stanscrew, we know we can count on precise 
product uniformity and fast service.”’ 


Hundreds of other leading companies in 


American industry have also learned that it 
pays to standardize on Stanscrew. For Stan- 
screw offers a comprehensive line of over 4,000 
different types and sizes of standard fasteners 
including a complete selection of socket, 
set, and cap screws. These are produced in three 
modern plants by fastener specialists with over 
85 years of specialized experience. Ali 4,000 
items are always in stock . . . quickly available. 
When vou have a fastener problem, call your 
itor. He will arrange for a 
prompt visit from the Stanscrew fastener specialist. 
The specific recommendations he will make can 
often mean important savings. 


distribt 


Stanscrew 


STANSCREW FASTEN ERS 





STANDARD SCREW COMPANY 


JUNE. 1%8 
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COMMUTATOR SAWS and SLOTTERS Kirk and B Manufactur ( 


‘ 0 
Holub In 445 Elm, Syca- sevice Kor! Gear ( eit N. Morgat 
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GHmGAee 1 CAGO SCREW Y, BELLWOOD, ILLINOIS 
HMS | HARTFO 
WESTERN | THE WE 


D MACHINE SCREW COMPANY, HARTFORD, CONNECTICUT 


STERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 


2701 Washington Boulevard, Bellwood, Illinois 





20 TO 200 D.P. 



















WE BUILD 


TRANSFORMERS 


TO YOUR 


SPECIFICATIONS 


© More Acme Electric transformers, than ever 
before are being constructed with special speci- 
fications for research, laboratory, experimental 
or processing methods. The wealth of ex- 
perience that our engineers have gained in the 
building of “Special Transformers” can be put 
to advantage, cooperating in designing and 
constructing transformers to your special speci- 
fications. Send complete details for quotation. 


T-33200-8 

200 KVA, 3 phase, 60 cycle; 
Primary: 4160 volts, delto 
+ 22% FC taps 
Secondary: 208Y/120 volts 
200 amp. 5 KV, gang oper- 
ated oil fuse cutouts 


T-13769 
1 KVA, single phase, 7 to 
60 cycles 
Primary: 110 volts at 60 


cycles with taps starting at 
7 cycles, 12.8 volts in in- 
crements of voltage and 
frequency to 60 cycles 


Secondary: 33,000 volts 





ACME ELECTRIC CORPORATION 
356 WATER STREET * CUBA, NEW YORK 
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CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill 

CHARGERS, MAGNET. See Magnetizers 
a Demagnetizers 


CHOPPERS, ELECTRONIC 








Airpax Products Co., Ft. Lauderdale, Fla 
Oak Mfg. ¢ 1260 N. Clybourn Ave 
‘ ago if I 
CIRCUIT BREAKERS 
Airpax Products Co., Ft. Lauderdal Fla 
Allen-Bra 131¢ Second, Mil 
waukee 
Wis 
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: Paul Ave, 








E-T-A Pr s Co. of America, 5085 N 
Elston A Chicago 5 Il 
Fas Ir ries, Ir Rochester 2, N. ¥ 
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CLAMPS and CLIPS, SUPPORT 


Holub Industrie Ir 445 Elm, Syca 
more I 

TA Mfg. C 4607 Alger, Los Angeles 
9. Calif 

Weckesser ( 5256 N. Avondale Ave., 
Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, In 112 26th, Brook- 
lyn 32, N, Y¥ 


CORES, 
Acme 


TRANSFORMER 


Electric Corp., 356 Water, Cuba 


DUPLICATING MACHINES 


CLIPS, SNAP. See Rings, Retainer 


CLOTH, INSULATING. See Fabrics, I 


CLOTH 
Film ar 


CLUTCHES, ELECTRIC 


TRACING. See Tra g < 


i Paper 
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Cutler-Hammer, Ir 1264 St. Paul Ave 
Milwaukee 1, Wis 
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COAXIAL CABLE. See Wire Cable 
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OIL CORES ang FORMS 

America Lata ( Cha ge 8 
I 

Cambridge i y 

Ave., Cambridge 38, Mass 

Cleveland (¢ nla er 0. 62 i 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre A 3S _ 
The Budd Co.. Newark D 

Cosmo Plastics Co W 4t Clere 
land 9, Ohio 

Ferroxcube Cort { America Ss 
Bridge, Saugerties, N 

Gries Repr r Cory 149 ee rood 
Ave New R é a = 

Mycalex Cory rica fron B 
Clifton, N 

National Vulcanized Fibre ¢ Wilming 
ton 99, De 

Paramoum Paper Tube (Co. 612 Lafay 
ette, Fort Wayne 2, I 

Radio Cores, I 9540 Tulley Are Onk 
Lawn, | 

Stackpole Carbon Co., St. Mar Pa 
Screw -t Molded Iron 


United St 
The Garlock 
N. J 





(sasket Oo Plastics Dis a 
Packing Co Camden 1 


COILS and WINDINGS 
Acme Wire Co 














1255 D iv Are New 
Haven 14, Cor 
Anderson Controls, Inc., 2777 Ma eim 
Rd., Des Plaines, I 
Audio Developr Co 2836 s A 
South Minnear s 7, Mir 
Caledonia Electro & Tra 
D EM ( ‘ 
Cambridge Ther Cort 
Ave., { ge S Mas 
Comar Flectric ¢ i9 Ad 
ae 
Corning Glass Work T 
Div., Corning, N. Y Glass I 
Coto-Coi ( I é I 
Prov 5. R. I 
Cutler-H r, I 64s 4 
Milwauk ] \ 
Dano Electric ( M 
Cont 
Deluxe ( I I 
¥ 
> B 
M I 
, P.O 
COIL WINDING MACHINES 
| Mt f wine ¢ 
e & } 
} F r WW 
t ‘ Ba I : 
St f r ( ox 
2 N } rs A { 
W r ¢ rs 
I ' RI 
COLD HEADED PARTS. See F 
COLLARS, SHAFT 
‘ ix M Pr ‘ g } 
140th, Cleveland 10, O 
COMMUTATORS 
Electro Te Corp., South Hackensack 
N J 
Kirkwood Commutator Corp., 485° Ww 
130th, Clevela Ohio 
Midwest Molding & Mfg. Co., Gurnee 
Tl 
Nirpert F tr Pr c Ww 
Me i Colur 5 Ohio 
Tole Commutator ¢ s Che 
Ow Mict 
Westinghouse Flectric Cor Gateway Cen 
ter, Bldg. No. ; 40 Liberty Ave 
Pittsburgt 2, Pa 


ELECTRICAL MANUFACTURING 





DIELESS 


See Brake and Shears 


Benders 





COMMUTATOR SAWS and SLOTTERS Kirk and Blum Manufacturing ¢ 22 20 TO 200 D P 
Holub 1 r 1 445 | Byca- sreruleKorff Gear Co., 211 N. Morgar ere 





Ideal Industries, Ine., 1008-D Park Ave. stirro Aluminum Co., Manitowor, Wis SEND YOUR PRINTS FOR QUOTATION 
Sycamore Stromberg-Car A ) f General es 
COMPARATORS, OPTICAL Rochester 21. N. ¥ 
3 t t Co., 84717 St . 
ee eee eee ee. ears CONTROLLERS, MOTOR 
0 Metr I I 13TEM Varick a ile s e . ME 
New York N. ¥ : Alien-B eee none 
Allis -<( er M 

COMPOUNDS, SEALING. § Cement Arr Hart & H 

I 4 S sa Wax and ia rne. Hartford 6. Conr 

: Au Siviteh | M Hanover Rd 
COMPOUNDS. VARNISH. § Var : Clark ¢ r ¢ 1146 52nd 
’ ; ; “ ( i ia mecnouis Y 
COMPUTER COMPONENTS Cutler-H rl 264 S 

" ( Kore TY r _ " k M 

} : MI Erie Re _Ak oO 

} wien 

4 
\ ; Tex 
3 i 
CONDENSERS. § 
CONDUIT FITTINGS , & 
CONDUIT, FLEXIBLE . 
CONNECTORS, PRINTED CIRCUIT 
‘ CONTROLLERS, POTENTIOMETEF 


SPURS e HELICALS * WORM AND WORM GEARS 
CONNECTORS, WIRE and CABLE . 1 “ STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
. , , R CLUSTER GEARS @ RACKS @® INTERNALS @® ODD SHAPES 





s ae ee ‘ 
Se. Si mises a sana cea THE Yyecge™ ene IN GEARS 
= fy eB 
1035 PARMELE ST. ROCKFORD, ILLINOIS 
ae Circle 323 on page 17 


miton anstee: te nom EE RCONNECTORS 


churihte aod: DONTACT. poIeTS , BAKELITE © CERAMIC ¢ SET SCREW 


CONTROLS, REMOTE A TYPE AND SIZE FOR EVERY NEED 





CONTROLS, SERVO 


COPPER. S 


piney 300, 600 or 1000 VOLTS... 


oa, i" erow ’ J 
ee mn "i's" GOT EM! 


Cs a ,, Chica Fully approved by Underwriters’ Laboratories, Inc. and 
a yo "3 No 3. 40 7k the Canadian Standards Association. MILLIONS IN USE! 


P 


; \ on Mii e, : : CORD INSULATED. § - ao oo fo 
etta akon saree, Sewurt, ORD, INSULATED. Se PRICES! - wy < 
CONTACTS, CARBON. See Carbon a CORD (cnr eee une. a hestst SEND FOR . " ~ 

















_ BAKELITE BAKELITE CERAMIC 
CONTACTS, HEATER PLUG and TAP CORD SETS FREE ““SCREW-ON" "SET SCREW" ‘'SCREW-ON"' 
' Mfg. ( ! aaoel w. J Be M f ring ¢ ¢ W. Va ” 
, “Buren, Chicago 44 1 MAIL TODAY FOR 1958 "Hi" CATALOG 

CONTAINERS, PACKAGING and Cirele F Mfg. ae SEs Te SAMPLES 

SHIPPING ; ; York 7. N. ¥ ! 
os a eee were SO SAD AN Toner Wee Cay SPECIFY TYPE AND ; NAME 

Teele ( — Mate WIRE COMBINATIONS 1 7 

CONTOUR PROJECTORS D rt ( 1 FIRM 
& Lomb Optical Co, 84717 8 - aes oe : : 

I Ro r2.N. ¥ Royal Electr at : 
oO Metr Tools, 11 137EM Varick. woo : . ree ate 1 

New York 13, N. ¥ Center . L Ave., ; 

Pittsburgt Pa 1 
CONTRACT MANUFACTURING Wire Stripper Co., 1729 Ea a Ave 
Chase Brass & Copper Co., Sub. of Ken- mae Crereand: 22. 0 
( eer Corp, Waterbury 20. COM. CORES, POWDERED METAL. See | 
Milwaukee 16, Wis fransf ‘. = r M P 

E n National Watch Co., Micronics 

D Elgin, 1 * CORES, REFRACTORY. See Ceramics 445 ELM STREET @ SYCAMORE, ILLINOIS 
JUNE Circle 324 on page 17 333 





We r N . Clinch-on) (N) Keystone Bolt & Nut Corr 127 <¢ r 
Wing Nuts (W) New York 7, N. ¥ 
Milford Rivet & Machine Co., Milfora A 








new way to make 2 


products better, 
more efficient... Qe 


NYLON BALLS @ 


Precision manufactured from DuPont Nylon Resin 
to close tolerance of +.001 on diameters and .001 
on sphericity, Ace Nylon Balls give design flexi- 
bility and production economy. Light in weight 

tough at low temperatures...stable at high tem- 
peratures ...resistant to corroding chemicals such 
























CORES, TRANSFORMER 

Acme Electric Cory 6 Water, Cuba 
7 

American Lava Corp., Chattanooga 5, 
Te 

Arnold Engineering Marengo, IIL 

“seneral Ceramics ¢ Keasby, N. J 





Steel Prod Co., Valparaiso 





s Co., Hayes Ave. at 21st, 
J 
Box 391 Butler, Pa 
9540 Tulley Ave., Oak 


Co St. Marys, Pa 
er., Ir 1114 E. 23rd 








40 
I rumen Elec 
Berkeley 1 f Be I 
I 2 Wright A R 
Calif 
Boe M so I D 
( 
eS ( 22 M e 
‘ Ss and Supp ( 
s ‘ t Ave ( ago Ss i 
Pr I r Dir f Ge 
( ( 8 McCormick I 
\ I Hartford 2, Ce 


COUPLINGS, CLUTCH, See Clutches 

















DUPLICATING 


See Benders 


MACHINES 


DIELESS 
Brake and Shears 


DYNAMOMETERS 








Chatillon & Sons, John, 85 Cuff, New 
York 38. N, ¥Y 
Eaton Mfg. Co. Dynamatic Div., 33u: 
Fourteentt Ave Ker ha Wis 
Electri Co Apparatus Sales 
Schenectady 5 
& Myers, I eld, Ohiv 
Ist Blectri Gateway 
m2 N 4 ber Ave 
I burg I 


ELECTRICAL SHEETS. See Steel, Elec- 


4 


ELECTRONIC COMPONENTS. See spe 


ELECTRONIC TUBE COMPONENTS 
Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete 

Americar lava Cor t wea 

Fitel-Mc¢ ' S ; Cart 

Ford R & Mica ¢ ) 3 ) 63rd 
I k N. ¥ 

ENAMELING SHEETS = Stee Com 

. i . 
ENAMELS See Lacquers Enamels 

















as sulphuric acid, etc....almost abrasionproof COUPLINGS, FLEXIBLE cree) ae See 
Ss oe 1) : De thie ill a: ( 1x Metal Products Co., 863 E Chase I & ( » of Ker 
these mass-produced balls have hundreds of indus- Paonia Ont ( of m x 
trial applications. Come in 14 standard sizes from I M Co..D > : oe 
> ; aia i iv. o 10 cks 
te” to % I Flex ; upling C 2 4 R sines, I 
: , , , ( I Revere ( r I Park 
Complete facilities for fabrication of plastic parts 4 ‘ ‘ 
for all industries. Estimates submitted promptly on CRYSTAL DIODES. Sce Rectifiers: Ser Roth 1 c s Ave 
receipt of blueprints or specifications condectar Transistors ar Cr t S ( ! I 
) The ¢ ; 
Write for samples, bulletin, price list, TODAY. N 
CRYSTALS, QUARTZ 
RCA } an ete. = R FABRICS, INSULATING, (Sheets, Tapes 
America, Harr xs Yarns, Thread, Cord, Ete 
EXTRUSION MOLDERS AND FABRICATORS Glass Fiber, Var Can 
CUTTING TOOLS ee ee Tee eee 
Handicraft ¢ X-A T g s Braided F 
ACE PLASTIC COMPANY city 1 | “fiaren Ii, Coon ee 
; DELAY LINES. See ( r ¢ — 
91-64 Van Wyck Expwy., Jamaica 35,N. Y. JAmoica 3-5500 ( ) Fibr s of 
I ( N . ) 
DIAL LIGHT ASSEMBLIES. See I ( Paper Co.. i se. Fa 
Circle 325 on page 17 P and Indicator River. M 
= nn } ro-T Pro ‘s 
DIALS and PANELS ( ( N 
FHP ° d Helinot Corp.. D ' Be ( ‘ Products 
: oo . ( or 
motors... engineere ine, P.O, “B a ee 
= I r Glas Cor w Ma 
Ohio I M 8 ' 
\\ B ( £g 
' \ an 2 
especially — vie castines. see canines. vin lusmesrs” ‘ining 
DIELECTRIC HEATING UNITS. § M ox N Yor 
f H Fr r Heatir Unit N. ¥ 
M ) r . s 
or your DIE-SETTING TOOLS v A : 
W Strippit Co., 222 Buell Rd., Akr , M x mo 
d N. ¥ ; ss Fauq Are 
pro uct DIES, PRECISION, LAMINATION Ete. atta Bae ; ; 
Cle ar To and Die (¢ 16 Ed New v I } 
R ( elar or tr I at I ywodbr 
Stein & C Ir Wr P., 424 8 NJ 
P R ster, N. Y Ray M ar 
s I Pr M ¢ 
Bro N ‘ N. ¥ Va x Corr W_ Court. F N 
§ r ‘ Die ¢ ( r & We é Electr Cor ; 
The new RAE M-20 or M-100 Motor. Ven- Talmage Aves., S E., Minnear ( RB ‘ \ 
tilated or enclosed. Designed for quality Minr I r Pa 
but not expensive. Strong, rugged casting DIODES See Rectifier Sor s 
Boll or sleeve bearings. Can be used with Transistor a + ( rystal. Diodes " FANS and BLOWERS 
any of RAE’s geor units Air-Mar Motors. I At siite oC. % 
Winding — DRAFTING EQUIPMENT and 4 and = Elect Pr ts 
M-20 — Universal or Shunt MATERIALS Quee B Long and ¢ y 
M-100—Permanent Magnet (DC Shunt) Keuffel & Esser Co.. Hoboken, N D ; a etn ( : r DP 
Voltage — 6 to 220 AC/DC or DC Shunt t Ozalid. A D (General “Aniline &  % The Singer Ce 
Mox. H. P. — 1/30 Continuous mo ors Film ¢ Johnson City, N. ¥ Bme Ele Mire Ce.. St. Louls 
Weight — A 2 Ib 
eig pprox s DRAFTING REPRODUCTION po ieelae tos meee ae iy 
MACHINES Globe I ries. Inc.. Dad 1. OF 
RAE engineers are recognized specialists in solving 4 ss c : : aS ; 
: : - . - iia erican I ™ t H e |} Co Lawrence, Low 
difficult FHP motor applications. By careful analysis W. Paterson A I M 
and testing of your product, they can save you time Ozalid, A Div. of ne & I Lau Blower Co., 2027 Home Ave., Day 
and money in selecting the right motor ‘ ie ( - oO 
RAE offers outstanding service and quality in a 5 Revcor mawards, Catpentersyiiis, 
large variety of motors. Available in voltages up to DRIVES, BELT Bot & Myers. Inc., 1 vs 
250, and up to 1/6 H.P. (higher for intermittent Allis-Chalmers, Milwaukee 1, Wis Rotron Mfg ¢ Wor “Pt et 
duty) with many gearhead motor combinations Torringt Manuf £ Torring 
oe . RI § Ss also need 
Find out how RAE motors can improve your prod- . taal eer eae ee Cont 
uct and reduce costs as they are doing for other sat +o ad ee 
leading manufacturers gg edge poem yl ld FASTENERS (Bolts and Nuts; Lock and 
oe ” : : : . . wae a : Snap Assemblies; Pins: Pre-assembled 
*Send for the ‘‘RAE’’ Engineering Dato Sheet. It will help you Genera! Electr Co Apparatus Sale Washers and Serews: Recessed Head 
supply the data necessary for recommendations and prices. aoe - whe t : re Screws: Rivets: Screws; Washers.) 
D 76-A, Cleveland 17, Ohio 
Servospeed Co. Div of Electro- Devices » N 
AC/DC Universal * DC Shunt Wound « = Ine 4 Godwin Ave., Paterson, N. J = om seg gf i Nute (A 
DC Series Wound * Gear Reduction ( “a “> ant mee Store Bolts (B) 
3 1 Liber . 
a@ MOTOR CORP Motors * Governor Controlled Motors * I burgh Self — ! N ts (¢ : e 
- Sheet Me Lock S 5 
Motors for Rheostat Control * Motors for Duct D i 
( 
2009 Kewaunee Street Electronic Control * Permanent Magnet . —e Contre! Panel) Screw T Inserts (F 
Spaulding Fibre C P or id « 
Racine, Wisconsin Motors and Gearmotors. ee ee as In Tonawanda ( li and R Hed T I 
T r Electric, Ir 15406 Dale, Detroit Cap Nut G 
M Spade Bolts (Ss 
334 Circle 326 on page 17 ELECTRICAL MANUFACTURINE 
sformer Co., 1 Varick, New Merkle-Korff Gear Co., 211 N. Morga 
x. ¥ Chicago 7, I 





St iat et ee Radi 


» Coree Ine OkAa GFaattanw Acs Deane 





os TTAB 
ee eens TTI TES 


yaw, York Y. (AB ne aren Grove, TG) TAP-LOK INSERTS are self-tapping, friction-locking 

Wi c “40. Til. bur ..Y, threaded bushings which increase the shear area and 

thread-holding strength of light metals, plastics, woods 

M , & Machine Co. Milfor and the newer structural materials. Wherever strong and 

0 ; W. 85 Beaver securely locked threaded connections are essential... 
deren TAP-LOK INSERTS fulfill most requirements. 











? Div. of L ool W F _ <& Ward I i 2 The full line of TAP-LOK INSERTS includes: 





Gre REGULAR SerieS—in short and regular 


lengths, with Class 2B internal threads for 
general applications in aluminum and zinc die 
castings, and sand castings. Manufactured to 
MIL MS 35914. 


Washers—I 





Lock and Snap Assemblies 


y 


a 
{) 


The H-Series — in short, medium and regular 
, S , ilin yf m) os cL) - ; : lengths, with Class 2B or 3B internal threads for 
N. B I use in wrought and high strength cluminum 


‘ and magnesium castings (accepted for aircraft 7 
Pins c a lel =, hearer te ug : 
‘ ; Oech a K Mt applications). € 
I ' Z a te ~\ @ the NYLOK® Series—in medium and regular 
‘ ‘ 
a ~ 
, > . lengths, with Class 2B or 3B internal threads, 


meets all torque requirements of MIL N-25027 
(ASG). The tough Nylon pellet imbedded in the 


insert "grows" into the mating threads and 
D provides a higher locking torque. 


Pre-Assembled Washers and Screws . 5 S 


ae 





See Amer , eae ee The W-Series—a brass insert designed for > 
An I : ; i : ; plications in either soft or hard woods 
Ma: ” { functions as either a wood screw or a tapping 
Recessed Head Screws FELT screw. 
I & Copper Co., S f , rn | rk 02 , , ZB 
ul Screw Go., New Bedford M ei a 4 The SPARK PLUG Insert—comes in four stand- 
& Screw Cor Rockfo I FIBRE, PHENOLIC. See P M 


r ( H. M.. 8204 Lehigh A . Ca g a x ard sizes and special sizes to customer's 
r Grove, I ( 
* Nut Cor dies specifications. 
y Jon 7, x. FZ 
r , y 


FIBRE VULCANIZED. Board Sheet 

















! “ 1 e Milfor Rod, Tubing , 
; ' TAP-LOK INSERTS are available in case hardened cadmium 
i ‘ ( ’ » -F re 4 & . ‘ . : 
( Americar I ‘ Newark D plated steel, brass and stainless steel. Their fast, simple 
ag : > : installation into drilled or cored holes with the standard 
fhe me Ne ON Vulea E Ww e TAP-LOK INSERT DRIVER permits quicker, tighter, 
SP re Be ee ees. Apaulding Fide Ca, 1 Tonawanda stronger assemblies, cuts equipment and labor costs. 
s rd Screw ( Washington Tayior Fibre Norristown, Pa Designed for maximum pull-out strength —they are 
s Bolt Co.. 363 W. Erie, ¢ ; ‘Pp \ New York 17. N Y¥._ limited only by the strength of the material in which 
Bremer & ¢ S Amer they are used. , 
+ ‘: a an FILTER ELEMENTS, POWDERED , 
METAL Manufactured under U.S. Patents: 2,455,885 — 2,641,948 — 2,704,473 — 
, co a — 2,795,221 — 2,817,987. Foreign Patents Granted — Other Patents Pending 
Rivets ow : iS 
‘ ‘ r i 4 e Ave Oak 
; Alcoa La I Send for TAP-LOK INSERT folders and specification sheets. 
RP ( ana < 2 We eee’ -s, 
eed - oy Ae FILTERS, RADIO LT 
MR ena Ree Tea LL 
4 Bellwood, I \ , / ‘ 
‘ Screw ( New Bedfor \ $ M 
M ( I er Electr Corr s l> 
I I of I Vork 2 ee 1128 Hendricks Causeway, Ridgefield, New Jersey — TWK: Cliffside 26 
g s Pla ! G Flectr ( Apparatus Sales , 
Gr Repro r Corr 19 Beechwe D Schenectady 5, N. ¥ Also manufacturers of Groov-Pins for positive locking press fit. 
4 New R ¢ N ¥ y ‘ I . & Indianapolis ' 
irper ( a M. 8204 Lehigh Ave ‘ Ir \ ; os : J ” Representatives in principal cities throughout the U.S. A 
{ 1 a. we J Sa ees Spras E — Co Marsha North IN CANADA: Metal and Wood Fastening Devices Co. 
LIN. ¥ ate la = Tobe De mann Corp., Norwo MI 60 Lakeshore Road, Valois, Montreal 33 
UNE Circle 327 on page 17 333 
HEAT LIMITERS INSTRUMENTS, LABORATORY 
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an exciting new series of 
panel instruments 


aw LOW COST! 
IZ HIGH STYLE! 


in Weston traditional quality! 











I te Tra ormer Co., 1 Varick, New 


FINISHES, 


PRODUCT. See Lacquers 
Ena ~aints 


and Varnishes, Finish- 


I 


FLUORESCENT, LAMP AUXILIARIES 


includes Adapters, Ballasts, Compensa- 
tors, Control! Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
Instrument and Radio; also Capacitors 











Aer Bedford, Mass 
Ar Electric Co.. 
Ha t ( 
{ 4 rmer Corp 35 
Ad I 
Cir Tre nt om, 2 
G Co iction Mate 
rt Conn 
Ss I ( 4 W. 16th, Chicago 
I 
Ss Electric ( 7 Marsha Nor 
\ Mass, 
= t r I s Ir 1740 
I N Yo nn 
W Ele Cor Ww 
( I No I ve 
Pa 
FOILS, WIRE MARKING 
s M ¢ Co 850 
B Hollywood 8, Calif 
FOOT SWITCHES. See §S 


FORGINGS 





























Merkle-Korf? Gear Co., 211 N. Mor 
Chicago 7, I 
Radio Cores, Inc 


gar 












, 9540 Tulley Ave., Oak 
is Too] Works, 


1621 Holland 





Saginav 

Westingh Corr Gateway 
Center 4 Liber Ave. 
Pittsburgh 


GENERATORS. See Motors 


ELECTRONIC 
W. Mt. Pleasant Ave 





Co Sales 

( rt 
Syr e N. ¥ 

.  - State 


GERMANIUM DIODES See Rectifiers 


a rs j Crysta 
D 

GLASS-BONDED MICA 

Cont D Fibre A Sut f 
The B Co., Newark D 

General } ‘ s 
[ r Oo 

M ca f Ag 
Clif N 




















. i ha ; GLASS-FIBER. YARNS, CLOTHS and 
ag eg, Seo TAPE. See Fabr I g 
GLASS, TECHNICAL 
I & Br ( s es w 
I N : & ¢ (ox D ; ae 
Brass. 1 Park Her al ¢ 1 M Elk 
; Fro haere 1 ‘ Co., 220 W. M 
FREQUENCY METERS. See Instrur 
FUSE HOLDERS, MOUNTINGS and GOLD, ROLLED (Plate and Wire 
CLIPS Bnee : ' . 3 
B Corp., Omaton Div., Norwalk i Sil J 
M Graw-Edison Co., Enge rh D 
s d « i A r 
I I I Ss amore N 
t I A oy 
D Park A D S. eian. i 
s I ‘ ) Metais & rols 
( D F-4, 4 Madison  ‘ 
oe tes = { & | ! York 
i ( M Corr 
" Mfg. Co., 4227 W. Ls GRAPHITE. See Carbon and Graphite 
s Manuf Co., H. B., Bat 
‘ M GREASE, BEARING 
Weston presents a new look in panel instruments! You'll see the sini 
7 5 5, STRAIN RELIE 
difference at first glance. The price will delight you . . . the . ( 0 Div.. Norwalk a ee BEAMS. STEN SE 
performance will confirm that Weston’s unequalled craftsman ca sarin : Siseneuin d.. Des P a : 
: , ) Heyr Me C K rt N 
ship has scored again! S cee Walker Co., Geo Amster ‘ 
ULTRA-MODERN STYLING! Crown Instruments, with their eet tae eo ae , st I 
handsome contours and sparkling prismatic cases, will enhance Westingl Corp. catews 
your most advanced panels and equipment. They're availabl P GYROS 
Kear Co 1378 M 4 ( 
in a variety of custom-colors, too GAGES. TEMPERATURE, PRESSURE | 
EXTRA-LONG SCALES! Crown’s 2.5-inch, 100° scales are longer and VACUUM 
1 . Wests I rical Instrument Cort 4 HARDNESS TESTERS 
than those of most 3%-inch diameter panel instruments. Clear S ¢ Daystr I as See ey ai : 
plastic top, front and sides provide exceptional natural scale . Oe een res 
. ( } R k r 
illumination. HARNESSES and ASSEMBLIES. WIRE 
CORMAG® PROTECTION! Weston’s famous Cormag mecha- GALVANOMETERS. See Instrur A ol Electronics Cor S t 
nism permits close grouping of instruments on magnetic or 1 Mig ¢ \ 
, . GASKETS ‘ > 
non-magnetic panels. No special adjustments need be made ee i ele, Ae Se ee. eee Beer wet 
. rc ¥ a . K 
There’s no danger of magnetic intereffects. Middleto ‘ aa cae 
& « r Co., Sut f Ke : 
WESTON ACCURACY! Crown D-C Instruments are accurate ‘ r G Wa ry ; ene) She ee . ae 
within +2% of their full scale values; rectifier-type A-C models ( I e Manufacturing ¢ _ kena ir., Daliaeeet SS . 
“ are ilo Plasttes Cory s a 4 
within +3%. ! ¢ ‘Co. 6424 ‘Oakion, Morton, Foster. Worcester, 8. Mass. : 
INTERCHANGEABILITY! All Crown models can be mounted in- ‘ s H uk, Chicago iM a 
- ' N V Striy ‘ 
terchangeably with any 2.5-inch JAN or MIL spec instruments Stanvilie; ‘Bex 14. New Yok k rar ; Oo 
7 . », Tez y your best buy : r a 
For ac curacy, appearance, r¢ idability and cost, your best buy I ms Mana Ine, 1 DO seit iit saan. ean 
is CROWN. Your local Weston representative will be glad to ; 3 Se: Face aue.. Chi- Avtometic Kletiric Seles Corp., Merthiahe 
quote on your requirements and arrange prompt delivery of 5 la Mies ae Aca aa eee ; , aes 
prototypes. Contact him for full information, or write to Weston G i g Co., Cat ) Corp... Carls R 
‘ ' r tax r 
Instruments, Division of Daystrom Inc., Newark 12, N. J. In } Work Oxder 
. 7 . op 4 ( I 
Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 10, Ont. HEATING ELEMENTS and UNITS 
Export: Daystrom Int'l., 100 Empire St., Newark 12, N. J. GEARMOTORS. See Motors. Anderson Controls, Ine., 2777 Mannheim 
Cutler-Hammer, 1 1264 St, Paul Ave 
GEARS and PINIONS Milwa 1 W 
American Stock Gear Div., Perfection Driver ‘ Ww r B 875 McCarter 
Co., Harvey, I Highway. Newark 4, N 
Amplex D Chrysler Corp., Detroit 31, Ge Electr Co A 4 Sales 
a Div. Sct N.Y , 
Beaver Gear Works, Inc., 1035 Parmele, St M g Cor E 
Rockford, 1 164t 6, N 
Contin imoné Fibre, A Sub, of Vulca Danvers 2. Mass 
The B ‘o., Newark 13, Del Watlow Co., 1362 Ferguson 
Fastex D f Illinois Tool Works, 195 Mo 
Algonqui i., Des Plaines, IL, We Corp. Gateway 
Gear Specialties. Inc., 2635 'W. Medill © 401 Liberty Ave 
Ave g 
Gries 149 Beechwood C L. 7530 Thomas 
Ave q y Pi r Pa 
336 Circle 328 on page 17 ELECTRICAL MANUFACTURING 
LAMPS, INCANDESCENT and In 1378 Main Ave., 
= : -_ INFRA-RED 


lifiers Inc., 632 
a aa a 


Tinton 





Qeneral Fie Co Nela Park Cleve 





HEAT LIMITERS 

B Mfg. Dis McGraw-Edison Co 
St. ls . Me 

HERMETIC SEALS. See Seals and Ter 


HIGH-FREQUENCY HEATING UNITS 
A Chalmers, Mi kee Wis 
Genera Electr ‘ Appara Sales 
D s eh 
Ra ! ‘ I 8 
Db \ Ave Brox 
WW ’ ( Gatew 
( I I y A 
P 


HIGH NICKEL ALLOYS. See Nick ar 
Nick Ali« 


HOLDERS, COMMUTATOR BRUSH 
M M Mig. ¢ Gur 


My ‘ 4 r Clif B 


IMMERSION 


UNITS see 
I 5 


HEATER 


IMPACT EXTRUSIONS, ALUMINUM 


H Cor Dep 
EM Kn Calif 


IMPREGNATING COMPOUNDS. See Ce 


INDUCTION HEATING S High-Fre 
H I 


INFRA-RED LAMPS. Sce Lamps, Incar 


INSTRUMENTS ELECTRICAL MEAS.- 
URING AND TESTING 
Ad-¥ I r I I 
At i { 
A 1 M 
1 vu 
A I I 
‘ Ss J s cig, New 
Das ‘ , oM Ave 
" i 
Ele : 
4 ‘ ‘ I 
‘ ‘ 4 =a 
H 
bb 
i < 
I ‘ 
I N 
I ( 
RK { 
pme E 
York N. Y¥ 
( H 
Ca l A I 
M 
I & | ( 
A S I e 
‘ 
Pre a ( Ir 84 
( I is 
Rac A 3 44 
B y 
S« K r Cort 
M N R ¥ 
s E Ce Ww Ki 
‘ 
Tex I e le 
Ww I Cor Gatew 
( I N 4 Liberty Ave. 
I Pa 
We t I ( A 
~ D r I F g 
4 Newark 
w t D Bar Colt 
‘ I R I 


INSTRUMENTS, ELECTRONIC. See als 








Oo " I rs, Os lographic; 
Recor Ma 
Berke D { Beck r I 
I 2 Wright Ave R 
( ‘ 

B f Clevite Cort 
’ Per Ave ‘ : ; .e7 
Da ( 6 W. Mt. Pleasant ve., 

Re L n, N 
Hewle Packar ( 1621M Page Mill 
R Palo Alt Calif 
Ge I ( a Sales Di 
Ss ‘ N.Y 
Test Equipment ¢ 55 E. 1 
York N. 
I 808 Westerr Gle 
c 
Ir 632 Tint 
Ne | 
iv Cor Det B 
i ( 
Sant ( 1 Div., 175 Wyman, 
Wa 4. Mass 
Simy Electr ( 5200 W. Kinzie, 
Chicago 4 I 
Union Sw & Signal Div., Westinghouse 
Air Brake ¢ Pittsburgh 18, Pa. 
West E A Instrument Corp A 
sul ¥ Da rom, I 614 Frelinghuy- 
sen A Newark 5, N. J 
JUNE 19 


INSTRUMENTS, LABORATORY 
STANDARD 
( x S§ Jol ( New 
York 
Elect i r I 4 
Ke \ ( 
Ge I Ay 5 
D S os 
Ra j 
mk ' 
We k Cor Gateway 
( I Li y Ave 
W I Cor A 
I 
4 
, r I Barber-Colma 
‘ 13 RK Rockford, Tl 


INSULATING MATERIALS. See ¢ al 


‘ ‘ 
t 
t 
k 
G I M 
, Ca 
{ Laminat 

M A a ( 

! = } “<s vr 
taxis a Tu 

RK oduct 
s Asbestos 

s 8 Re 
I } Sr e 
I and §& ing, Braided Fabr 
I 4 Slee g. Extrud a 
I Pa 
y and Re Ir 
Ww 


INSULATION. WIRE and CABLE 


Ceramic and Synthetic 

\ Lava rr Chattan 
Bak ‘ D t Carbide Corp 

York 17, N. Y 
I M M 

& { I 

er 

Gener I r : Constr Mat 
o B Sa 
1RONS SOLDERING s s 


ISOLATORS, VIBRATION and SHOCK 


JEWEL LIGHT ASSEMBLIES See 


KNOBS, CAPS and HANDLES 
D Mt larr 428 N 
} eA x 
la ( 2 W 
M : & M ‘ ( 
I M 
t I \ M e Ave 
LACQUERS. ENAMELS PAINTS and 
VARNISHES FINISHING 
A r I 
M I 5, M 
A \ a, a y¥ 
I f Car ‘ 
; sy 
D ‘ M nd { 
ju Pont de N & Co Inc E. I 
i 2 Te 
Ss ‘ ‘ r ra Ir r 
‘ oO 


LAMINATED METALS, PRECIOUS and 


BASE Sheet, Tube and Wire) 
Br ( cs Washington, M 
Ver N 5 
Er l ( al I 
« I r a el io A 
Ne ‘ 
I r H. A. W 
D 2. R 22 nion. N 
G Pia D Meta a Contr 
‘ 4 M 
H & H 82 F New ¥ 
N y 


LAMINATED PLASTICS. See Plastics 
LAMINATIONS, MOTOR and 


TRANSFORMER 

Magnetic Metals Co., Hayes Ave at 
21 Camder N 

Magnetics Ir Box 391 


Butler, Pa 
Thomas & Skinner, Inc., 1114 EB 
Indianapolis 7, Ind 


23rd 


LAMPS, FLUORESCENT 

General Electric Co., Nela Park, Cleve 
land 12, Ohio 

Westinghouse Electric Corp. 
Center, Bidg. No. 3, 
Pittsburgh 30, Pa 


Gateway 
401 Liberty Ave., 





when you need small parts like these*... 


The fabrication of precision parts of industrial ceramics 

is a specialized job... and STAR specializes in it! 
There is practically no limit to the variety of shapes 

we can turn out to meet your simple or intricate specifi 


spal 
economical 





cations precisely ... 





wa 


More than 25 automatic pre , operating 24 hours a 
ay are available to turn out ferrules, grommets, eyelets, 
day are available 


rings, cups, shells, and millions of other close tolerance 





parts made from Star Ceramics. This 


you ... faster ser- 


means lower cost to 
vice to meet busy production schedules. 


Write for complete details, and 





our NEW 20-page cotalog. 


"STAR 


porcelain company 35 Muirhead Avenue, Trenton 9, NJ. 


_—) 


the half 


in pro- 





incluc 





and more 


duction savings! 


Circle 329 on page 17 





long-lasting accuracy... 
el eee 1 tale Ls el) 


timing, mixing, compounding, 
processing and similar operations! 


















Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 


IMMEDIATE DELIVERY IN ANY QUANTITY... 
Request bulletin. 











See classified telephone directory I. = 
for name of local distributor | a 





— 


ZENITH ELECTRIC C€C 


152 W. WALTON ST. ° 





CHICAGO 10, iil. 


Circle 330 on page 17 337 








Now! End Cord and 
Cable Failures 














© Permanently anchor 
exterior conductors 
e Withstand strains up 

to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 





2 GRIPMASTER ALL-METAL TYPE 
SS Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on 
position. The Clickon forms an immovable 


ring with uniform pressure around the 
cable circumference. 


in seconds, locks securely in 





GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 


operations. Forms a neat, compact ring, 





holding the cable in a vise-like grip. 





GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 

in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 








338 Circle 331 on page 17 














LAMPS 


INCANDESCENT and 





INFRA-RED 
‘ Electric Co., Nela Park, Cleve 
Ohio 

t ouse Electri Corp Gateway 
‘ 3idg. No 401 Liberty Ave 
4s burgh 30, Pa 

LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park, Cleve 
‘ Obi 

We gt se Electri Corr Gateway 
Center, Bldg. No 401 Liberty Ave 
Pittsburgh Pa 

LAMPS, MINIATURE (Pilot and Indi- 
cator 

Gener Electr Co Miniature Lan 
Der Nela Park, Cleveland Or 

We g t r Corp 
‘ ‘ Bidg. N 4 I 





LAVA. See Ceramics 
LAYOUT FLUID 
k ( 2 FN t St. Louls 6 
i 


LENSES, PRESSED GLASS 


Cor Giass Works, Technical Pr 
) ‘ N.Y 
Gla Cor Vv. Ma 
0 
LIGHTING FIXTURES 
E r M g Co. Var 
Ea A St. ls 
M 
LIGHTS, PILOT and INDICATOR 
4 I & an Electric ¢ 
I H r Cor 
a I ( 
x A Calif 
H ( 8 _ = 
Cort i Stew A Brook 
. 
) Manufa gt 7ll W. A 
( k ‘ M la 
) N ark evela Oo 
Ha M c Bar ew 
A I ( 
He Elmw A 
Sharon H Pa 
( I I 2 Se Are 
s Waseca, M 
s D < 4041 } ar M 
6 2, W 


LOCKNUTS and LOCK WASHERS 


LUBRICANTS 


s Oil ¢ “i New Y 


N. ¥ 


LUBRICATORS, OIL and GREASE 





Mfg si6 S. K 
M m-Kipp Cot Waubesa, Ma 
W 
LUGS and TERMINALS 
MI rate 84 FE wer B 
H I 
‘ rass Cs Ww rbur ( 
} trical. Pr Corp 92 
I H ‘ 
I Corr Oma D Norwa 
Ca ge Ther Corts 4 Concor 
A Cambr ' 8. Ma 
Ha M g ‘ 2 Bartho ew 
\ Hartfor Cor 
H an Mfg. ¢ K worth 1, N 
Cort De F-4, 473 Ma 
‘ 4 or 
‘ k I 2 Secor Are 
s.W W ase M 
Jones D Howard B., ¢ Mfg. Corp 
ag is 
‘ er & H ot 43 Evans, Ci 
ati 4, O 
Malco To Manufacturing Co., 402 
\ Lake, ( ag a 
M ex Cor America, Clif Bivd 
} ( Ve a Ave Newark 4 
se tro Cor f Fa e Ave., Mama 
eck, N. ¥ 
Shakeproof D t nois Tool Works 
St. Charles Rad Elgi I 
Sherman Manufacturing Co., H, B., Bat 
tle Creek, Mict 
Thomas & Betts Co. I 28 Butler 
Elizabeth 1, N. J. 
Bremer & Co, S$ A ‘ 
Mi & } ( \. La 
MACHINES eadings 
Ba Coi \ g: Drafting Re 
M g Plasti Rivet 
= Screw Dr g: Strippers 
\ m Te 
MAGNETIC AMPLIFIERS 
Airpax Products ¢ Fort Lauderdale 
I 
Berk D f Beckman Ins 
I 2 Wright Ave. R 
Calif 
( r Box 1, Butler, Pa 
Fide Instrument Corp., 1000 E 
I ry Ave York, Pa 
Genera Electr Co Apparatus Sales 
» s ady 5 : 


saab 
MOTORS os 





Kearfott Co Ir 1378 Main Ave. 
Clifton, N. J 

Magnetic Amplifiers Inc., 632 Tinton 
Ave., New York 55, N. Y 

Vickers Electric Div Vickers Inc., 1803 
Locust, St. Louis 3, Mo 

Westinghouse Electri Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

MAGNETIC BRAKES. See Brakes, Mag 
eti 

MAGNETIC MATERIALS See Steel 
t trica Magnets, Permanent Mag 

Recorder Compc Powdered 





Metal Products 


MAGNETIC RECORDER COMPONENTS 


Driver ¢ Wilbur B 1875 McCarter 
Highway, Newark 4, N, J 

M e s Mming & Mfg ¢ Electrica 
Pro t I) ) Fauq r Ave St 

Minr Tape 

s re-Car 4A D { era 
> Cor ‘ Rad 
R r N.Y 


MAGNETIZERS and DEMAGNETIZERS 


Ra » Freq Laboratorie Boor 
MAGNETS, PERMANENT 
Arm I r ( Ma 
Ma 4 Cor 
‘ fr I Meta ™ 
Dena E. 8 M De 
ul 
I a Stee I j s (Ce Valparaiso 
gs r 
MAGNET WIRE. & Wire, Mag 
MARKERS, IDENTIFICATION 
Natior I & Tag I 254 
Natvar Cor 7 Ra I Ave V ood 
MARKING MACHINES and DEVICES 
For marking Wire Foil Plates, ete 
Kings Sta Ma Co 850 
ta gat I A ») 5 Calif 


MATERIALS HANDLING EQUIPMENT 


‘ Dia Fibre A Subd of 
eB ‘ N rk De 
N e | “ ng 
Rye «& M I ( & Hots 
) = .f » 
Ss Co Tonawands 
N 


MERCURY RELAYS. See Relays 


MERCURY SWITCHES. See Switches 


METALS LAMINATED See Laminated 
Metals 4 Base 

METALS, PRECIOUS. See Gold; Lami 
ated Meta I J Silver 

METALS, RARE 

I I r I A Vilson 
I Ss { N. J 

Fanste M r Cor a chi 

Mallory & ( Pa , polis 

METERS. HOUR 
Elm, Torring Ce 

Hobbs Cor \ Div of Stewart 
Warner Cor 8 Yale Bivd., Spring 

Indu a ‘ McCarter 
H 4 e y 

MICA Glass 


GLASS-BONDED See 
Bor Mica 


MICA, MOLDED and LAMINATED 


(Sheets, Plate Tape, Tubes, Rings 
anemone Washers, etc.) 

Continental! -Diam« Fibre A Sut of 
The B i Co., Newark 13, D 

Ford Ra & Mica Cory 536-540 63rd 
Brooklyn, N 

General Electric ¢ Laminated Pr 5 
De Co (Pio 

Insulatior Ma acturers Cor 65 W 
Wa gton B ( ago 6, I 


Macallen ¢ Bay Rd Newmarket, N. H 


MICA UNDERCUTTERS 


Ideal J stri¢ I 1008-D Park Ave 


MICROPHONES 


America Micr e Electroni Div 
t nN \ ( 70 8. Fa 
Oak \ s f 

( 2 A ara Saice 
) s m. O 


MICROSCOPES 
MEASURING 


INSPECTION and 


Baus & Ils On al Co 84717 8S 
Pa R é r Se 
Opto-Metr Tex I EM Varick 
New York m2 
MOLDED INSULATION and MOLDED 
PRODUCTS. See Cerar 8; Mica; Plas 
s: Rubber 
ELECTRICAL MANUFACTI 


Univ Synch. 





’ f 
THIS NORTH RVF ROTARY SWITCH Sf ahace 
Give up’ So did we! A rotary switch cannot be designed Switch is being used for programming, sequence control, 
with a pivot pin in the stepping mechanism and meet routining test equipment, as an impulse counter, mem- 
North Electric’s standards of reliability! ory device, and for tallying and counting in production 
. . , . . »] 
Result: North’s high speed RVF Rotary Switch has no control 
pivot pin — no wear point to change critical dimensions The bank terminals on the North RVF Rotarv Switcel 
of any part of the stepping mechanism — reliable, accu- are designed for use with either soldered connections ot 
rate stepping for the life of the switch! solderless connectors 
The North RVF Rotary Switch allows maximum flexi- seg = : 
) The switch is completely dust enclosed, and has vibra- 
f bilitv in circuit approach — no longer is the engineer 
tion-proof mounting 
limited to one input per bank level — any combination 
up to 30 inputs and/or outputs per bank level affords a For the most versatile, flexible, reliable Rotary Swit 
flexthility hitherto unknown. North’s RVF Rotary on the market — NORTH RVF ROTARY SWITCH 


NDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


856 SOUTH MARKET STREET * GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Ca 





nada. Ltd Mio } P.Q 


JUNI ‘ Circle 332 on page 17 339 














“— ee ea 
MUFFLE FURNACE 


ALL STAINLESS STEEL WITH TRIGGER CONTROL 
AND POWER SELECTOR SWITCH 


150 F. to 
2000 F. y 


FAODELLA ELEMENTS 
Non-Oxidizine 
Low Waitt Density 
Re placeable 


LARGE PYROMETER 


Accurate—-Dependable 


Firebrick Insulation . . 


Counterweighted Door .. 
Recommended for the 


chemical, 


. All Wiring Complete. 
metallurgical and related fields 









— a 































—  MUFFLE SIZE VOLTAGE COMPLETE | 
MODEL | oH D 50/60C. A.C PRICE 
“av 0OC~C~=~C:‘i‘x 
at 2 oe is Vv ns aS aes ——+ 
1S Vv 245.00 | 

71230 V/I ph 315.00 
pe non 





larger Industrial and Laboratory models 
available with electronic instrumentation. 


BLUE M ELECTRIC CO. sur isiano. ws. 


MANUFACTURERS AND DESIGNERS OF COMPLETE 
TEMPERATURE CONTROLLED EQUIPMENT 


Circle 333 on page 17 


PEDALINE 


FOOT SWITCH 


* LIGHTWEIGHT 


+ COMPACT 


e*eeee#ee#s 


CONTROLS Business 
Industrial and 
Home Equipment of all types 
@ Business Machines 

@ Photography Equipment 

@ Sewing Machines © Welding Equipment @ Etc. 


Four Models Available DIMENSIONS 
PL-1 Basic switch with a single pole 32'' long, 25/'’ wide, 
double throw momentary snort on 1 high 
contacts WEIGHT 
PL-1C Single switch unit with a 6 7 oz. single; 
foot, 2 conductor line cord and a 7, oz. double. 
series plug FINISH | | 
PL-5 Contains two single pole double Light gray 


throw switches which operate in se baked-on enamel 


quence, 


CONTACT RATING 
5 Amperes resistive at 
15 and 230 voits 
60 cycles 


PL-5C Contains two switches same 
as Model No. PL-5, with 6 foot, 4 
conductor line cord. 


We invite inquiries for special applications. 


LINE ELECTRIC COMPANY 


Try 
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MOTORS 








A-C D-C Univ Synch. 
Miniature Timing Motors, Geared x A 
Subfractional, Under 1/20 Hp B c D E 
Fractional, 1/20, 44 Hp F ag H J 
Integral, 1 to 744 Hp K L M 
Integral, Over 744 Hp N oO P 
Gearmotors Q R Ss T 
Generators U V Ww 
Low Voltages (Under 110 Y Zz & 
Air-Marine Motors Ir Amity Holtzer-Cabot M ‘ Na al I 
x, @ B ‘ I \ r I 
\ Chalmer Milwaukee Wis KL M ABCEPGHQUVYZ 
NOQRUVYZ Howar Industrie Ir 720 State, 
A Co. The Louis, Milwaukee 7, Wis Ra t W ABCDEFGHQRTUVYZ) 
KLNOQRL VYZ Howe Flectr M rs ( Howe Mich 
Ashland Electr Products Ir 3 ” FGKLMNOPYRI 
Queens Bivd., Long Island City N.Y. I Motors Cor 570 Ma Went 
AB ir fee N Y BI 
Baldor Electr ( D a A I M r Cor U B cr 
St. Lo M FGKLN Wa g 4 Pearl River, N. ¥ 
Ba ‘ ( Rock, Rockfor Jack & Heintz, I 1 Broadway 
BCEY ‘ t 0 FK 
Bek I r ( I M ls Ja I { ‘ M Grove 
Ang Ca E I FGKLQ \ 
Be e Electr ‘ 6 W. Ohi Chi Keartf ‘ I aM ave cur 
go I ABCDEFG HJQRTYZ& , N J Ser UY 
Breve Pr ict Cor ' W 26t La Plectr ‘ K oO BCDEF 
New York N. ¥ 4 GHIQRSZ 
Ce ry I ric « 506 Pine, St. Louis Marat k ric Mfg. Cor Cherry & 
M rt LNOPQRL VWYZ Rank Ww A ‘ NOU 
. ‘ f America Soreng Master I ric ( I { Reliance Blec 
4 s , I tr : I ee Da n 1 
‘ Cor Box 2 Center co FPGIK LMNOPQRT vw 
c 4 Merk Kort? Gear Co Morgan 
R Lt ‘ } Gutierrez. P. O ‘ a 
§ Santa B ara. f \ 
M f ring ( Electrical Div M M r ‘ Cor 2432 W 
I = r Manuf ring ¢ Sor Geor ( 5 BE 
He NY s Oster Ma f ring ( J Avionie 
> q I I \ CFGHUVY&) 
. R. Motor Cor » Kewanee, Racine 





Ex FGKLNOV 

M Re 2 fF ‘ A mbra Oalif 
I KNQ 

Be 1YZ& RK X Myer I Motor Div 
G-M_  Laborator 8 i Knox Springfield Ohio BCDEFGJIKNU 

‘ I Ss Rot F ( r ( Acre 

Gener } r ( 4 rat Sales ID ‘ f oO B 

D s ee Scruggs ( ly Fe M BCD 

BCDEFPGH MNOPQRS VWYZ4& YZ& 
, GL, Elyr s Cor 4 ©. F r Motor Div 

oO BOY r 


FGKLNOQR 





MOLDING MACHINES, PLASTIC 


NICKEL and NICKEL ALLOYS 





Atoms M g Machine Co., Sub of Rod, Sheet, Tubing, Wire 
Wagner Brothers, 1 400 Midland American Brass | r 
Ave.. Detro Mict Cupro-N 
Mosio M ry C 2443 Prospect Ave Carpenter Steel ( W. Bern, Rea 
Clevela 15. O Pa 
N e Bor 181, New ‘ e Br & « r s of K 
ry, O ‘ 
MOLYBDENUM—(Sheet and Wire) See Driver Co. W r I : McCarter 
cee : . ; i worth C Driver-Harr I 
Fa ster { rg D., h Chi Ele Nat Ww ( M s Dir 
Mallory & Co., Inc., P. R., Indianapolis , : . > ie wen er iat 
6. Ind e” : : ' 7 M 
k ‘ 7 W 
MOTOR BASES. ADJUSTABLE ee eae 
Allis-Chalmers, Milwaukee 1, Wis Revere Copper and Br I Park 
Love F Coupling Co 4802 W Ave New York nN. ¥ 
Lake ( ig 44. Il River 4 M I i I Porter 
‘ I RK r 
MOTOR CONTROLS and STARTERS. See Somers Brass Co. sical 
‘ r r M r P Butt Sta \ 
KEL-SILVER 
MOTOR GENERATOR SETS eee aeat Tablas, Mire 
Kato I ering ¢ 8 Maxfle Ave American Wiress ¢ Waterbury 20, Conn 
Manka M 5 : a Chase Brass & Copper Co., Sub. of Ken 
Leach Cory Inlet-Palmer D 4441 S ecott Copper Cort Waterbury 20 
s 1 I Ave I A & Calif Cans 
Revere Copper and Brass, Ir 230 Park 
MOTORS and GENERATORS. See Motors ave., New York 17, N. ¥ 
Table Riverside-A Metal D H. K. Porter 
‘ I River N 
MOUNTINGS, RUBBER and Seymour Manufacturing  ¢ Seymour 
SYNTHETIC ‘ 
Johns-Mar I Brand Pro 
8 Ww A ( ago 19, I NUTS. See Fasteners 


MOVEMENTS, CLOCK and TIMING 


OHMETERS. See Instruments 


Haydon ¢ A W 4 North Elm 
H xine ty alien an ; OILERS. See Lubricators, Oil and Grease 
Mim. Torrinsten, Cous 


OSCILLATORS. See Instruments 
NAME and INSTRUCTION PLATES 





INDUSTRIAL TIMER CORPORATION Lancaster Glass Corp 220 W. Main OSCILLOSCOPES. See also Instruments, 
Lancaster. Ohio Electronic; Recorders, Oscillographic. 
271 South 6th St. © Nework 3, New Jersey Miller Dial & Name Plate Co., 4400 N. General Electric Co., Apparatus Sales 
Te ‘ Bivd I Monte, Calif Div Schenectady 5, N. Y 
Circle 334 on page 17 ELECTRICAL MANUFACTURING 
a 
—_—_——e.——nn"1 : : 1 NV 5 





more (ae): a onl iis 


a” Pee aa eae Lace) 
change in your pockets, too. . . 


é rly With MERKLE-KORFF Geared Motors 
pS 


., Ta Mt ee Me edt Mt 1 





of torque, compactness, flexibility and long-life operation at a price 
; the cost engineering department will appreciate. 


Specially engineered starting torques Peary or exceed full 
__—-# TR Me Mae ee Me mei cnat 


J 
4 
e aie Me MM tM Met leit] 
, aE BO eC eM met om 
a Standard on all Merkle-Korff geared motors are self-aligning 
porous bronze motor bearings, enclosed oil immersed gearing, 


wl Pe ee ee Ted UMM Co 
Sage a Ce elas 


eT MR eM el 
wae ys eee UR Cu ee le ee 
nae motor drive unit for your applications. 


\ LET US PROVE IT! 


OW MM i eg 
submit your machine for testing in our laboratories. 


ai - gett) 
/ 

j A per pound 

UT Memeo 


\ a From .4 to 300 inch pounds at 800 to '2 RPM 
} 


\ Te a eo 


211 N. MORGAN ST., CHICAGO 7, ILL. 


Circle 335 on page 17 341 





Pc.B MiICRO-MINIATURE RELAYS LEAD IN 
gy 








depend on... 


NATIONAL LOCK 


for all your appliance hardware 


and fastener requirements 


RANGE HARDWARE - HANDLES 


REFRIGERATOR HARDWARE 


BUTTS »- CONTINUOUS HINGES 
CABINET HARDWARE + CATCHES 


LATCHES + CASTERS + PLASTICS } 
SHELF SUPPORTS + SCREWS 
BOLTS + STAMPINGS 


SPECIAL-PURPOSE FASTENERS 
all front f Smnce 


Simplified purchasing and inventory control... 
dependable delivery ... all are a part of the 
service when you order your quality hardware 
ALL FROM | SOURCE ... from NATIONAL 
LOCK COMPANY. National Lock standard 
and custom-built products are quality controlled 
and competitively priced. * Send us your 
"specs", you'll readily see how our extensive 
engineering facilities can save time and money 


right down your production line. 


Rockford * 


Industrial Hardware Division 


| | NATIONAL LOCK COMPANY 
Illinois 
ww 


342 Circle 336 on page 17 
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H Pr ; Electron Tube D 
International Airport Sta., Los A 
( f 
RCA El Tube Div., 
f America, Harrison, N. J 
Simpson Electric Co., 5200 W 


tron 


Radio Corp 
Kinzie 


Weston Electrical Instrument Corp 
f Daystrom Inc 614 


Ave Newark 5, N, J 


A su 
Frelinghuyses 


PACKING. See Gaskets 


Paints 


PAINTS. See Lacquers, Enamels 
and Varnishes, Finishir 


PALLADIUM. See Platinum and Plat 
inum Products 
PANEL CONTROL UNITS 
en-Br Co., S. Se M 
‘ W 
Arr « t { 
H ( 
. I 
o 
{ H s P 
M 
Ea s M 
W 
N 
‘ I A 
Wheelco I ; Di Barber -C« 


tru ents i 
Ce 14 Rock, Rockford, Ill, 


PANELS, DIAL. See Dials and Panels 





PANELS. SHEET STEEL. See Shee 
Metal Fabricators 
PAPER INDUSTRIAL 
Cottre Paper Co., In gs | 
Fa River, Mass 
Mosinee Paper Mills Co., Mosine W 
West Virg a Pulp and Paper Co 
Park A New York 17, N. ¥ 
PAPER. INSULATING 
re ¢ 1255 Dixwell A 
$, Cor 
Diamond Fibre 4 Ss 
i Co.. Newark 13. D 
r Co I se Ff 
r, M 
Electri Co Pla s I 
I 
Manufacture Cor W 
Bivd.. ¢ ag I 
Ir ro D Mir ta M A 
Manufa g Arg rT 
I tor N J 
J Ma Box 1, New York 
N. ¥ 
M Pape Mills Co Mosinee W 
a al Vulcanized Fibre Co., Wilming 
De 
Natvar Cory 7R h Ave., Woo 
N. J 
Spa g Fibre Co Ine Tonawand 
N. ¥ 
West rginia F » and Paper C 
Par Ave New York 17, N , 
PAPER. PHOTOGRAPHIC 
REPRODUCTION 
On A Div of General Aniline & 
I Corp Johnson City N. ¥ 
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PERMANENT MAGNETS. See Magnets 
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PILLOW BLOCKS, See Blocks, Pillow 


PINS COTTER and 
Fasteners. 
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PLASTICS, COLD 


MOLDED and INOR- 
GANIC. See Ceramics 
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PLASTICS—MOLDING LAMINATING 
CASTING and EXTRUSION 
COMPOUNDS 
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Pc.B MICRO-MINIATURE RELAYS LEAD IN 


oerformance 


SHOCK: 100g* VIBRATION: 30g to 2000 cps* 


*NO CONTACT OPENING 


New P«B crystal-case size relays, 
the SC and the SL (magnetic latch- 
ing), show amazing shock and vibra- 
tion capabilities. They absorb shocks 
of 100g and vibrations 30g to 2000 
cps. without contact openings! 

A highly efficient magnetic struc- 
ture utilizing a permanent magnet 
makes possible at least twice the con- 
tact pressure found in DPDT relays 
of comparable size. One watt of power 
for three milliseconds operates either 
relay. Transfer time is unusually fast 
—0.5 milliseconds maximum. 

For more information, contact your 
Ps&B sales engineer, or write Potter 
& Brumfield, Princeton, Indiana. 
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S$L—dval coil latching relay. Operates on a 1 
watt, 3 ms. pulse at nominal voltage. Permanent 
magnet latch locks the armature in either position. 
SC—non-latching relay with series-connected 
dual coils. Operates on approximately | watt at 
nominal voltage. Coils must remain energized to 
hold the armature in the operate position. 


SC and SL Series Engineering Data 


GENERAL: 

Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g. 
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PERMANENT ! 

MAGNET : 

! 

<alnarenatanesenmnaeneenel 
Vibration: 30g 55 to 2000 cps.; 0.195" max. 


excursions from 10-55 cps. 
Temperature Range: —65 C.to + 125 C. 
Weight: 15 grams without mounting bracket 
Operate Time: 3 MS. max. with 550 ohm coil 
(@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC 
Transfer Time: 0.5 MS mox 
Terminals: (1) Plug-in for microminiature 
receptacle of printed circuit board 
2) Hook end solder for 2 #24 AWG wires. 
3) 3° flexible leads. 


Enclosure: Hermetically sealed. 
CONTACTS: 

Arrangement: 2 Form C 
Material: Gold flashed palladium 


Load: 2 amps @ 28 V. DC, resistive; | amp 
1 115 V. 60 cycles AC, resistive 
Pressure: SC—16 grams min.; SL—20 grams min. 
colt 
Power: Approx. 1.0 watt at Nominal Voltage. 
Resistance: SL—40 to 1400 ohms; SC—35 
to 1250 ohms 
Duty: Continuous 
MOUNTINGS 


Bracket, stud and plug-in. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


Circle 337 on page 17 


POTTER & BRUMEIELD IING. 


PRINCETON, INOIANA +- SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 








ELEGTIMICAL 
PORCELAIN 


AS AND WHEN YOU WANT IT 





Send drawings and specifications to 


AKRON PORCELAIN C 


2723 CORY AVE., AKRON 14, OHIO 
Circle 338 on page 17 
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SPEED REDUCERS 










Small in size 
 Ready-to-go 

in your product 
Quick delivery 


= Re yer wtp. . = 
© @ Backlash only 15 minutes 


or less at lowspeed shaft es 


Pi EEE SIRS RE a ABE iS 


@ Speeds up to 10,000 rpm 
at highspeed shaft 


® Up to .013 HP at lowspeed 
shaft 





CLASS A— 
34 ratios 
up to 


27 to 1 
a 2 ° 


Save on your design, 
production, and assembly 
costs by ordering 

these ready-to-go miniature ase 





CLASS B— 





f 49 ratios 
components for your up to 
product. aon g 729 to 1 
S ses a> CLASS C 
Z A a 
f WRITE Be 122 ratios 
for Bulletin % up to 
19,683 to 1 


& CLASS D—232 ratios up to 
GP 531,441 to 1 (not shown 


#100 


we 





sane 


spear 
INSTRUMENT COMPANY 


457 Lincoln St., Denver 3, Colo 


DISTRICT OFFICES »« NEW YORK ~- CHICAGO 
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PORCELAIN. See Ce 


POTENTIOMETERS. See also Rheostats. 
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ELECTRICAL MANUFACTURING 





Nylon replaces metal in this idling 
cam made by Chicago Molded for 
Holley Carburetor. By injection 
molding it of nylon, Chicago Molded elim- 
inated 3 operations— hardening, stamping 
and assembly. This cuts production costs 
50%. Chicago Molded went even further 
and designed a unique mold with remov- 


able sections. This represents advance 


planning for easy changes in the number 
and sizes of the ratchets at lowest expense 
Picture how this kind of foresight could 
keep your costs down. 





One part replaces three in this 
paint spray gun body developed 
i icago Molded. 













with the help of Chic: 








By injection molding it from nylon as a 
’ single part, Chicago Molded eliminated 
several machining, poli 
plating operations previo 
¢ meta! guns. In addition to the cost-cutting 
advantages of this new nylon design, it is 


two-thirds lighter, is not affected by sol- 


vents, and makes a tighter air seal than 





aie-cast 





part or 


i 





This new “Schlitztap” 





100KS ilKe expensive 
} = i $49 
one china, DUT 1tS 

4 1 S } 
lall made of melamine 


he plastic parts of the 





ways eee 
Chicago Molded might cut ire tsi'cniinine ths itn 


o duplicate decorated 


your parts costs ccm 





An injection-molded—31” x 16” 
— styrene cover replaces a die 

m cast part at a lower cost in this 
Magna Bandsaw. Furthermore, the 
color’s in the plastic, eliminating the 
cost of painting during manufacture. 
And the cover can’t chip, peel, or fade. 
Chicago Molded’s engineers can sug- 
gest ways to make good products better 
and at lower cost through the use of 
molded plastic parts. 
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LET CHICAGO MOLDED KNOW YOUR COST PROBLEMS CHICAGO 
It may be possible to solve them and make a better 
product too—with a slight change in design, or material, MOLDED 
suggested by Chicago Molded. Our engineers have excep- 

tional experience in doing just this. Your problems are PRODUCTS CORPORATION 

their job. So let us know if we can be of help. Contact: 1024 North Kolmar Ave., Chicago 51, Ill. 


Circle 340 on page 17 





To help you design more reliable applications... 
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SIMPLEST « HERMETICALLY SEALED 


Thermostatic 
ae aA 


2 to 180 Seconds 


le AM A 
ROME AGRE Mm gC Mm OeCuLe 


Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 


SPST only—normally open or closed. 


Compensated for ambient temperature 
changes from —55 to +-70 C. Heat- 
ers consume approximately 2 W. and 
may be operated continuously. The units 
ore rugged, explosion-proof, long- 
lived, and—inexpensive! 


TYPES: Standard Radio Octal, and 9- 
Pin Miniature . . . List Price, $4.00. 
Standard Delays 


PROBLEM? Send for Bulletin No. TR-81 


Pee Ur eM 
CREPE MC a a Me 
eee ee eee 8c 


my ae Cy 
PUL 


Amperite Regulators are designed to keep the 
CMM MCMC Ch mes ict 
Memmi CMLL aU LT 

For currents of 60 ma. to 5 amps. Operate 
on A:C., D.C., or Pulsating Current. 


| ] 
| AMPERITE, 
Mea Es 


| 
iL 


eC h  PCC MI MLiCerm e SMe e 
ambient temperature (—55 to +90" C.), or humidity . . . Rugged, 
light, compact, most inexpensive . . List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


BATTERY VOLTAGE 


— CO. Inc., 561 Broadway, New York 12, N. Y. 
COC ee 


In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave:, Toronto 10 
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To help you design more reliable applications... 
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“HOP” specialists know hand-operated switches 
and assemblies, their applications, advantages 
and specifications. Their service is available 
for 


@ design development, testing and pro- 
duction techniques of new control situa- 
tions through hand-operated switches 
and assemblies 


®@ certified application data, modifications 
and inquiries on existing products in this 
group to meet specified requirements. 


“HOP” carefully considers all applications from 
a ‘‘human engineering” standpoint, beforehand, 
in order to reduce human failure to a minimum. 
Some typical examples of products are... 


LIGHTED PUSH-BUTTON SWITCHES 


C-6 Series—Combines two-piece, color 
coded push-button, pilot-light and 
switching unit in one space-saving 
RE component, panel mounted. Use singly 
7 or stacked. 
C-8 Series—Combines 3-color moni- 
toring and switching in one, compact, 
modular unit, panei mounted. Ten-sec- 
ond replacement of lamp modules from 


front of panel. Variety of colors avail- 
able. 


@ TOGGLE ACTUATED SWITCHES 

® PUSH-BUTTON ACTUATED SWITCHES 
@ ROTARY GANG SWITCHES 

® HAND OPERATED ASSEMBLIES 










Take advantage of these new services now— 
TELEPHONE CHICAGO—VAn Buren 6-3100 
Just ask for “HOP” or “MCG” 


JUNE 1958 


POSITIVELY SEAL OUT ALL>.. ~~~ pu ------------------- 


1} when TY ” of- a ath ~ MY se ate pf) | 1 SAS ond SALES and ENGINEERING OFFICES 





Circle 342 on page 17 
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"MCG" technical specialists fully appreciate and 
completely understand reliability and what it 
means to you. Their service is available to you 
for . 


@ problem analysis through design de- 
velopment, testing and production tech- 
niques of new electro-mechanical con- 
trols, switches and other components for 
aircraft and missiles 


® certified application data and modifica- 
tions on existing controls, switches, and 
other components to meet required con- 
ditions. 


“MCG” specialists combine basic Electro-Snap 
products with others to produce systems of high 
reliability and precision. This service is made 
available for aircraft and missile applications 
alike. It is faster and at lower cost than you can 
achieve yourself. Typical examples of develop- 
ments are 


COMPLETE CONTROL PANELS 


Iiuminated and instrumented control 
consolettes ore representative of the 
versatility offered by the new Electro- 
Snap Modulume panel technique. 
Lighted pipelines, valve and tank load 
indications, discrete ‘go, no-go" read- 
out areas, and illuminated switching 
controls combined with translucent pan- 
els show a new direction in control and 
monitoring consoles. The basic presenta- 
tion is the concept of readouts sequenc- 
ing in changing colors to conserve vital space. Lamp mod- 
ules are replaceable in ten seconds from front of panel. 
Front panel configurations are uniimited. 


EMERGENCY FIRE CONTROLS 

GROUND POWER CHANGEOVER CONTROLS 
FIELD SENSING CONTROLS 

POWERING AND DE-POWERING CONTROLS 
DIGITAL READOUTS 


ELECTRO-SNAP SWITCH & MFG. CO. 
4238 West Lake Street, Chicago 24, Illinois 
Telephone: VAn Buren 6-3100 TWX No. CG-1400 
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| 4 H N J ‘ go 
i asticnieanepiaisinmitinneeiil s ( Marsha Nor 4 rn Ma ( Stack 
} M M C% 
| s ‘ i1 N. Richards, Milw Chica Raw M fa g « 
eer 4 Els Ave I 
S S Marys, Pa Dow Cor Cor M i, MI! 
= . Ks? rporate e Br ‘ Vest New ¥ 
y A Texas ‘ y 
Saeea ( 8 H General Ce Plastics Dep 
( oO Decatur 
° 2 Var nard Electric Co., 34 South J Manville. D Brand Pro 
Encapsulated Paper Interleave : Tan _ Y =< “eediawn Ave. ¢ 1 
* Bobbin * Cotton Interweave t rument Corp., A s Phoenix Manufacturing ¢ Rubber Prod - d 
* Form Wound +e alles ee eee ae eae Plastic Pro 
* Vacuum Impregnated ts D M i 
: . : I R r ¢ . S. 54 Ave 
* High Temperature Application RESISTORS, POWER CIRCUIT 5 . , 
Also, Transformers Made To Order \ t ‘ i Ss. 8 M 8 R I 
" aie s oO 
NOW AVAILABLE! New 20-page Dano al SAWS. COMMUTATOR i S 
illustrated catalog including technical coil p ; = s r 
ae ri Electr sD r 
designing data. 
A 4 ~ SCRAPER RINGS. & Ring Re er 
THE DANO ELECTRIC CO Pe aatmamay BES! Go Saket Screw” Dit, 
« M K Inc, P.R., I ar 7 0. Cor a 
93 MAIN ST., WINSTED, CONN. ‘? ~~ seer meee SCREW MACHINE PRODUCTS. See als 
: ric ( M » Fibre; I 
M A ‘ \ A E 
\ mar Electr ‘ 34 Soutt 
Circle 343 on page 17 Vernon, N. ¥ & ¢ r Co, 8 t Ker 
RESOLVERS See Servor r Me } fT ¢« r ¢ 2 N. Morga 
RHEOSTATS, INSTRUMENT and RADIO Mi!’ R & M ‘ Mi lfor 
The NICE Way to Lower Cost... : Pes cen tne lag 
4 t ( Broadway, New screws. <« 
Yor N. ¥ I I 
m . Clar M ( I Dover, N. H 
ae a with Genter 4 i st Piul Ave, SEALING COMPOUNDS. § 
Har x. o Hermon, New 
Performance BALL Hin 
Mallor ( I P: a. apolis 
r - : SEALS and TERMINALS, HERMETIC 
- BEARINGS Onmite Mtg. « Howard, Skokie, A Products Div. ot 
; ( ral Cer Corp.. 430 Fairfield 
Lower Cost Rex R Co., Ba L.1..N. ¥. — Ave., Stamford, ¢ 
of Revolutionary Ward Leonard Electric is Amet fae ae 
: Y 
° ‘ Electr s Corp., 1830 S. 54th 
New RHEOSTATS, POWER CIRCUIT ave., Zs ‘ 
NICE now offers the revolutionary os = « a ee Consta & ¢ 2 Route ls 
new UNIBAL"...a low cost ball ~y E ' maeS b W . : a _ ; as _— ; 
bearing of superior quality and Construction! Clar Mire I Dover, N. H Blectre a: 1 Centra Ave 
greater durability, suitable for re- ( er-H ner Ir 64 St. Pa Ave Morr H ‘ 
quirements ranging from the com- M W I 
mercial fleld to many precision , - aogere Ss A ‘ 3 x 
applications heretofore using con- wow : . i ” , ne 7 ‘ ‘ Se = 
ventional ground bearings. Its fh XN N , = Gla 
simplified construction and assem- k ‘ r (C« 7 B 
bly method incorporates a new Soe Gate ( wood 4 ( ¥: ¢ til. Her , ( Ma! Elk 
concept in design.” There are no sapeens O Mfg. Co . Howard, Skok an rt, J , Se 7 
loading slots no split race- | p i a : : t ah 
ways, yet there is a full com- \ I } ( 34 8 K « I 8 Ma A 
plement of balls M Vernor ze ‘ eg 
INT OF \ ectr Cort Gat » re rp., 50 W, Washing 
Deep, unbroken ball grooves, with a o me cored : Phillips Con Corr as 
closer tolerances and improved "Pa 
finish, provide quiet, smoother 
operation, with maximum capacity ¥ SOLID INNER RACEWAY RINGS. COLLECTOR SEALS, MECHANICAL. (Rotary Shaft) 
for radial and thrust loads. ' 5 I iaacia anit Btasieeeeiath \ M 
UNIBAL Boll Beorings can be e nN J 
furnished in single row, double I rd Indi _ Ine. Chemica _ "Cra Packing Co., 6424 Oakt Mortor ) 
row, flanged or snap ring types in ciemsins enone oe k + is Div., 113 Gr I 
o wide range of widths and diom- SEAL ; 1 HAW 
eters, and the novel construction D U.S. Rte 22. Unior N. J SEALS, OIL and GREASE 
permits a variety of shield ond —— soe OUTER RACE- ‘ r P D Meta & Ce ntrols | > Rawhide Manufacturing ( 
seol devices q ‘ . ! a A ; - : k 4 ( azo I 
, . Gits B Mfg. ( Ss. I rn 
; ; : ; 759 We uni States Gasket < Pla D 
a : r - G k Pack Co ( e 
Tole Com r ¢ s ( 
nm Mi 


nat 0 ® 
RINGS RETAINER and SNAP 


SELENIUM RECTIFIER. See Rectifiers 
BEARING CO Wave. at falbuis Paci Bay Baas mn 
ite aT NEE : ret Ci aneseghia 





I Retainir Dept, EM 
Cordier, Ir N. 2 SEMICONDUCTOR PRODUCTS See 
NICETOWN + PHILADELPHIA * PENNSYLVANIA .: pedier, Ir 7 2 Speenpewes casera 
N r N J and Crystal Diodes 
348 Circle 344 on page 17 ELECTRICAL MANUFACTURING 





° SERVOMECHANISMS Jeeee. Syn- SLIDE ASSEMBLIES 
chros, etc Also see otors ss , eas : 
the leading contender & Diehl Manufacturing Co Eiectri al Div. “"h mth i i bat asthe 
f The Singer Manufacturing Co., Som R Frequency Laboratories. In Boon 
ore N “2 
° Pa ‘ G-M Laboratories I 4338 N. Knox . 
in the sensitive 4 A A Uanoratories | I . 


SLIDE RULES. CALCULATING 


POSITIVELY SEAL OUT ALL 





eee 
* D e SALES and ENGINEERING OFFICES 
Cust Ff UmMEL [10 ee 
NEW YORK CITY CHARLOTTE DENVER 
Ount Vernon 4-4866 FRanklin 6-4792 FRemont 7-2336 
with ROCHESTER PITTSBURGH DALLAS 
BRowning 1-6322 BRidgeville 2083 EMerson 8-8306 
BOSTON FT. WAYNE =—»-LOS_ ANGELES 
HIGH PRESSURE BEacon 2-2425 ANthony 9122 TExas 0-3979 
NEW HAVE CHICAGO SAN DIEGO 
SWITCH and SHAFT SEALS, | 200-0%%) {io s7es tina Fw 
" SPruce 7-626 
PHILADELPHIA 1OWA SAN a 
Wheaton, II! DAvenport 62 
SELF-SEALING SCREWS =| "seu !or0 WEE. 
BALTIMORE ST. LOUIS EAst 3-8545 
APM HEXSEALS for Switches and Shafts consist of a | VAlley 55492 ee aaa 
grooved nut to which is molded a rubber boot. High ; 













pressure sealing is maintained by a gasket rib — an 


any panel surface regardless of finish. 


WASHINGTON, D.C 
WHitehal! 6-4800 


ST. PAUL 
Midway 6-2621 


Toronto, Ont. 
Murray 7535 


APM SEELSKREWS — Pre-assembled, vibration resistant DISTRIBUTORS 
fasteners, designed for panels and motor housings. A 

rubber O-ring is pressed into a groove underneath the NEW YORK CITY CHICAGO, ILL. 
head of the screw. They will seal in excess of 500 psi, Harrison Radio Corp Newark Electric Co. 
internal and external pressure. Barclay 7-7777 STate 2-2950 





WATERBURY, CONN TULSA, ORLA. 
g s Oil Capitol Elec. Corp. 


LUther 4-2437 
HOUSTON, TEXAS 


Harrison Equipt. Co 






HEXSEALS and SEELSKREWS 


em 


Bond Radio Supply Co. 0 


Laza 3-1184 


CAMBRIDGE, 
Electrical S 





Meet Military Specs: MASS. 


MIL-B-005423A (ASG) 








UNiversity 4-6300 CApitol 8-6315 
’ . MIL-B-19257 (Ships) READING, PA LOS ANGELES, CALIF. 
aii S Y \, SCL-6303 (Sig. Corps) a wee 
Z ‘ masen’ for complete CLEVELAND, 0. SAM FRANCISCO, CALIF. 
a RE ee ay or Commercial Catalog C-12 TOwer 1-3200 UNderhill 1-2589 
*Trade Mark SEELSKREWS* 


i 1 
I ' 
l | 
1 i 
1 | 
i | 
1 | 
I I 
i | 
i l 
i I 
I i 
I | 
i | 
I | 
i I 
i | 
I | 
integral part of the boot — which seats firmly against | j 
| i 
I ! 
I I 
1 | 
! ! 
I I 
| | 
1 1 
H | 
i | 
I I 
i 1 
1 I 
l 

1 l 
i i 
i | 
i I 


AUTOMATIC and PRECISION MANUFACTURING CO. 252 HAWTHORNE AVENUE - YONKERS, N. Y. 


Designers and Manufacturers of HIGH PRESSURE SEALS o e121 8 a 
17 


6) 3 84S 





SEELBOLTS 
Circle 345 on page 
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Imperial 


the wold forrat- 


TRACING CLOTH The INCREDIBLE SHRINKING Resisto* 


Daven has always been the leader in the minia- 
turization of precision wire wound resistors. Now, due 
to further advances in resistor manufacture, Daven is 
able to offer higher resistance values in smaller sizes 
than ever before 





In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 

been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 
quality and 


For guided missiles, airborne radar, telemeterin,, 
value. 


and for any application where extremely small size 
4 and dependability are of prime importance, specify 
Daven miniature wire wounds. 


» DAVEN © 


LIVINGSTON, NEW JERSEY 





UNE 19 Circle 346 on page 17 Circle 347 on page 17 


349 





Faced with Transformer Problems...? 


a 





the leading contender 
in the sensitive 
relay class! 








KURMAN'S 


MIGHTY SERIES “T" 


Compare it and you'll know why | 
% 975” x 975” x 134” high 
% Up to DPDT—2 amp. 28V DC, 115V AC 
% Sensitivity down to 6 milliwatts 


% Coil Resist. up to 20,000 ohms 
% Will meet MIL-R-5757C 














The latest addition to a line of miniature hermetically 
sealed sensitive relays, the new Kurman Series “T’ weigh 
ng only 312 oz., is now available—the mighty midget of 
the sensitive class. Radically different in design, you will 
‘ind the Series “T” to be superior in performance—eco 
nomically priced with excellent delivery service 
Why not specify the Series ‘’T’’ for your next sensi- 
tive relay application and check its performance 
tor yourself? Write to Dept. EM for detailed speci- 
fication sheet. 

VISIT BOOTH 816—AUTOMATION SHOW 


KURMAN ELECTRIC CO. 


Division of Norbute Corp 
Quality Relays Since 1928 


Brooklyn 22, New York 


Circle 348 on page 17 
lower ay a: 


4 7 
lowest prices 
Se Me | 
Pa at ee 
Me 
to you by lowering prices up to 
eM a | 
Rings. Start saving more right 


away. Send for our new catalog 
Ce he 


191 Newell Street 


low 


TERS EER ae lili lem tl cm een 
57 Cordier St., Irvington 11, N. J. 


tr ee MC) 
retaining ring dispensing 


MAIL THIS COUPON TODAY 


Te 


INDUSTRIAL RETAINING RING COMPANY 
57 Cordier Street, Irvington 11, 


New Jersey 


Please send the new IRR catalog, price list and free ring samples 
NAME TITLE 


COMPANY 





STREET 





CITY en SATE 
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| Dress Up Your Products tl | 














SERVOMECHANISMS (Controls, Syn- 
chros, etc Also see Motors 
Die M a ring Cé Electrical Div 
f The §S er M ifacturing Co., Som 
N 
G-\ ra I i338 N. Knoz 
4 ‘ I 
H ‘ D kman I 
I P Oo 158 Newpor 
B ( 

Inla M ( 3 WwW 
Ww ‘ I Y 
Kear ‘ I curt 
0 M r Co ot A ” 

I Ww 
Ss ( D f E ro-Devices 
( x \ Pater N, J 
SHAFTS, FLEXIBLE 
Ss ( t ¢ Plastics Div 
T Gar k acking (¢ Camder 
SHEAVES. See rives, Be 


SHEET METAL FABRICATORS 
Cox ¢ H. F Ottawa Ave., N. W 
G } M bh 
Hoff ring Corp., Dept. EM-91 
‘ { 
° ‘ ‘ s t 
K a M facturing Co $122 
Forrer. ¢ Ohio 
SHEETS, ELECTRICAL. See Steel, Elec 
SHIELDING, ELECTRONIC 
M € Shielding D Perfection Mica 
‘ N. I Ave., Chicago 22 
M ‘ re Roselle, N. J. (Knit 
M s Gaskets, etc.) 
SHIELDS, ELECTRON TUBE 
} R ar Corp 
Ma I unk. Calif 
M M ( i 4 8 
M s hi Mica 
‘ } 4 ‘ go 2 
1 B r, Pa 
SHIPPING SERVICES 
Air I Car S Ss 
Ww A ‘ 


SIGNAL DEVICES 


wW s I v 
I 4 N 
SIGNAL LIGHT ASSEMBLIES See 


SILICON DIODES. & 


SILICONES 
\ M a g Ce 1 Stack 
M ‘ Co 
Db } 4 , 
i ( Newa De 
) ‘ ( M M 
‘ = A r Uy 
s Gr Ave., { 
Oo 
‘ Electr ‘ S 
Wa 
M ‘ WwW 
( I 
Na I ‘ Wi g 
‘ I Ave Wow 
I I ( Norr Pa 
( e « S Div.. 4 
g 4 « Y y. 
re I N. ¥ 
SILVER and SILVER ALLOYS. See also 
Conta nd Contact I For Solder 
I 4 Ss r 
Br ‘ ( s 8 y Mt 
\ y 
Enge i r I American 
I x Ss N. J. Rail- 
\ Newa J 
I I ‘ al Di 
& Baker Pla Astor 
Newark N 
I rd Ind I H. A. Wilsor 
I 8. F Ur N. J 
Fa { ( North Cl 
1 
( I I Meta and rels 
' I 4 r Ma 
Ha & Ha I New York 
N y 
Mallory & ( I P. R., Indianapolis 
I 


SLEEVE BEARINGS. See Bearings and 
Bushings 

SLEEVE SATURATED See Tubing 
a Sle ng, Braided Fabric 

SLEEVING and TAPE, ASBESTOS 

Insula Manufacturers Corp., 565 W. 
Washington Blvd Chicago ¢ Ill 

Johns-Manville, Box 14, New York 16, 
eS 

Raybe Manhatta Ir Plastic Prod- 

) Ma n, Pa 
McQuay-Norris Manufacturing ( 28 Se 
ls M 


w 


Mar s 
atinne! A oo & “2 £ ict Mace 


SLIDE ASSEMBLIES 


Cha Trak I Ss 
I 


R | Laboratories, Inc., Boon 
t N 


SLIDE RULES, CALCULATING 


I Tel & F r ( H ke N 
SLIP RINGS. See R s, Colle r 
SLOT INSULATION. See Fabrics. I 
* gc: _ 4 ra r - oes I 
SLOTTERS, MICA. See Commutator § 


SOCKET SCREW KEYS and 
WRENCHES 


Alle Ma ( l S 


Hartfor 


SOCKETS and ADAPTERS, RADIO. & 











Re 
SOCKETS and RECEPTACLES, LAMP 
Ar s-H & | ‘ n } r ( 
rma 4 for 
A r Sa ( N 
‘ 1 } MI ‘ 
N y 
Drake M 2 ‘ Ww 
‘ eral ( ( Mat 
als D ( 
SOCKETS, FLUORESCENT. See ! re 
ent Ls Aux ries 
SOCKETS. VACUUM TUBE 
Amphe } r » 
4 ‘ 
Myca ( 4 
T = ‘ ‘ 
The Garla 
N J 
SOCKET SCREWS. See Fasteners 
SOLDERING COMPOUNDS 
Fluxes, Paste Liquids, Salts. ete 
Chase Br & ¢ rc s "4 
F \ 4 ta 
I 4 ~ 
Ha New 
Kester § r ( 
Lond ‘ 
4 M k 
Nat * 
York 
SOLDERING EQUIPMENT 
(Irons, Machines, ete 
Genera ‘ 4 ra S 
Ideal I > 
Vulca ( M 
SOLDERLESS ONNECTORS, §& 
SOLDER PRE-FORMS. See a 
Alloys, Si r 
Harma 8 I r s s 
¥ 
SOLDER, SELF-FLUXING 
For 8 r § r see Br > A 
Kester Solder Co., 4209 Wrig 
Chicag I 
London ¢ r Co. 1537 N 
Melrose Jl’ark I 
National Lead C Br iwa New 
York 6, N. Y 
SOLENOIDS 
Allen-Bra Ce 6 S. Seco M 
waukee 4. Wis 
Ar son 4 r I 2 Mz 
Rd Des Plaines, I 
Automati Electri Sales Corp Nor 
lake, I 
Automatic Switch C )-M Har r F 
“lorham r N J 
Cannon Ele ( Dept 
Humboldt, Los Angeles ; Calif 
Comar Electric ¢ i9 Addison, ¢ z 
18, Ill 
Controls Co f America, 9551 Sore 
Ave., Schiller Park, I 
Cutler-Hammer, I 1264 St. Paul Ave 
Milwaukee 1, Wis 
Detroit Coil Co., 2435 Hilton Rd, Detro 
20, Mick 


Dormeyer Industries 
Chicago 41, lil 


3424 Milwaukee Ave 


General Electri Co Apparatus Sa 
Div., Schenectady 5, N. Y 
Guardian Ele 7-G W W 
Chicago 12, I 
Leland, Inc., G. H 3 Webster, Dayt 
2, QOnio 
ELECTRICAL MANUFACTURI 
r 
oor) _— 
I ) 4 < 
















Faced with Transformer Problems...? 
Cl Space Limitations? (i Unorthodox Circuitry? © Atmospheric Conditions? ~ 


... Custom transformers, up to 200 KVA, designed and manufactured by LIGHT ELECTRIC 4 
to meet your most exacting specifications, may be the solution. The unusually high 

quality, inherent in custom design, reduces down-time and costly re-installations. > 
AND ...all LIGHT custom-made transformers contain materials especially 3 
selected to exceed your specification requirements, giving you an : 
even greater margin of safety and long life. 













Call LIGHT ELECTRIC today for engineering consultation. 
Be sure to request your free copy of LIGHT'S new brochure. 





y IN TRANSFORMERS ...CUSTOM DESIGN MEANS LONG-RANGE ECONOMY 


LIGHT ELECTRIC 
CORPORATION 


214 Lackawanna Ave., 
Newark 3, New Jersey 


Tel. HUmboldt 5-4110 o—a = 


« TRANSFORMERS « sarueasS ecto ° PASER REACTORS + AMPLISTATS « RELATED EQUIPMENT 


Circle 350 on page 17 





High-Impact-Strength 
High Temperature S 


; Yeerc : 


| BRU Moore offers you a fast, 
| H ' ID dependable and 


economical source for 
New PHOENIX “Pemester” 









one or a million 
Moore Set Screws are precision 
made and are bac i 


years of design-en 


Condensed Specifications 


by over 





Heodless| Square Socket 











manufacturing expe i Tt Slotted Heod Heod 
are of proper hardness for maxi — t — 
¥ mum strength z Size (dia. FO to %4"|=6 to 4%" F 4 to % 





High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty. ..new 
‘‘Pemester”’ material gives high-impact- 
( strength, dimensional stability up to 
400°F. and molds to close tolerances in 
any quantity... Available only from 
Phoenix in the complete ‘“‘Customized- 
Standard”’ line of sizes and types— or 
to your specifications. 


accurate thread 
ing action; and t 
controlled for con 
ity. You get fast deli 
the shelf on standard 
or three-day part shipments on 
specials 


T 


Lengths 







sto 3” bis t024"| % 101” 


Points | 





cup, oval, round, flat, 
cone, dog 





ess, aluminum, olloy 
steel, monel 


1k 
<a steel, brass, bronze, stain- 


Improve your product and 
maintain production schedules 
with Moore Set Screws Engi- 
neering assistance available 


Special Heads — milled, slabbed, 
double slot, knurled. 


Miniature Headless—*=0, =1, #2 


=3 sizes in a wide selection of 
metals, finishes, lengths and points. 


Moore prices are right . . 
Send for Detailed Price Catalog. 


Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 


Ee Sle IMICCrE George W. Moore, Inc. 
PHOENIX ELECTRIC MANUFACTURING CO. ren inc 100 


85 Beaver St., Waltham 54, Mass. 
3625 N. Halsted Street Chicago 13, Illinois 
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_— THE MOST COMPLETE SOURCE 































Dr U Y p od t McQuay-Norris M factur ( g 
ess Up Your Products oe 2 ‘ 
Na al Acme ¢ I Cleve rk 
. ar © 
with these Ouk Mis. N. Clybourn Ave re 
( ago I 
I s « Cor W. Wa ridge 
J et 1 
R-B-M Div., Essex Wire Cort Logans bard 
oe 
Relay Sales I Box 186-B, West Chi 
sees a STAMPINGS, NON-METALLIC 
‘ = ; T Auburn Manufacturing C 8-I Stack 
s r Pit s , 7 M ¥ Conn 
we ees See es ae Diamond Fibre. A Sub of 7 
ter, B ‘ baron Inc.. Newark D 
cored g. o 4 Liberty Ave & Mica Cor 40 63rd 
Se ERD 10 Stcncceceenmiememennnimens 
Er Pa 
SPEED INDICATORS. See Tachometers 799 Lake, Me Park 
| an wees at and rays bra STARTERS, FLUORESCENT. See Flu 
; o ee eee rescent Lamp Aurxiliaries 
A ‘ : r M kee 1 Wis 
CE er es oo” TT” STARTERS, MOTOR. Seo Contreliers 
icon ai ; a 1 Motor, Push Button Stations 
‘ a 
M 
Ea Mig. ¢ ’ynamatic D 3307 STEATITE. See Cerat 
} rteer 4 } Wis 
a ‘ am ’ yw wratus Seles STEEL (Commercial Forms and Grades) 
Janette Electric Mfg. ( Morton Grove Alloy 
I Rar B 
. Saatoment £3 => 4 . e Car Cc 
M e I I ows D 
I I ( ( I = a y 
Cold Rolled Onls 0) 
SPRINGS, COIL and FLAT Sheets and Stripe 
Locurate Sox Mfg. Co., 3817 W. Lake 1 T) 
( as See a . E rica! 
American S & W D ( Newpor K 
Corp Rockef r Bidg 
oO Steel Corp Oo 
Designed by Robert Podai Associa s ‘ Pa. (NS 
B-G-R Div., Associa ~~ Div.. U. 8. Ste 
: ’ 3 P .- - 4 > er B Clevelar 
Featuring metal inserts of Barnes Div., Wallace, Associated Spring ; ) Wallace, Associated Spring 
chrome, copper, satin «8 5 CUS, New Cue. Brim. | gad oe 
= . rk 38. N. ¥ Chase Brass & Copper Co ib. of 
brass, gold. In a variety of ne a al ri | iat Kennecott Copper Corp., Waterbury 2 
° . 7 ‘ N 
thermosetting materials, pomeee eee . ‘ Genera Steel Div., U. 8. St 
; Dunbar B \ 2 Spring Ama Calif 
both phenolic and urea. ‘ tol, mee : 875 McCar 
. Garrett ( Georg Torresd . s 
Send for details. : his 36, Pa. Highway _ : 
{ i 4 J & T = { irs 
S ‘ 4 ( S D Y x i o 
ROGAN BROTHERS tonal 
‘ ; ( o ‘ Pe Ny ss S. Steel to 
8027 W. Monticello * Skokie, tii S ( S Ave., Lans- ( “and Brass, 1: Park 
A Yor Y T 
Circle 353 on page 17 * er R - ee . gop soe! ret essee Coal Iro Div., U. 8. 5 
i T s ssf ‘ 2 
& Mfg. ¢ i6¢ W. N s 5-A AC 
Manross & Sons Div., F. N., Associated greet, ELECTRICAL (Silicon 
Spr Ce i r . Sheets and Strips 
Milwaukee D 4 : Spring Cor , 
Milw Arme-Newport Steel Cor Newpor 
a ie EST 0 D A ated «= Spring Corr Alleghe L s Cort oO 
D 0 Bide P rg 2 : 
R 4 Ra Mf 4 ted Spring Ar Ste orp., 1378 Curtis, M 
7 » = eo ' s r D Associated Spring 
Cor Gardena ‘ f K 
ae pu vitisburgt 36, Pa 
STAINLESS STEEL. See Steel. Commer ea e" 
F eee STRAIN RELIEFS. § 
Clamps, Strain Re f 
STAMPINGS, METAL 
Accurate Spring Mfg. Co., 3817 W. Lake, STRIPPERS, WIRE 
Chica om ; ‘ 7 8. 28 
oe Auburn Manufacturing Co 6-I Stack 7 Ww 
FROM Middle Cor I 8s. ( s 
. B-G-R D Associated Spring Cort ; 
Plymo & A Arbor, Mict ee ‘ . q 
> sees ee a i 445 E 
a tr . < nr oe . e ; ries. Ir D Park A 
S ( 4 I t R Ses : Ct “1 ¢ 7N 3 
P Mict 
Melro a I s 
Cha & ¢ r Co... S of Ke Ww ; ) a ( " H : 
The widest range of Dudek & Bock Spring Mfg. Co., 4016 w. “ite Stripper, Co, ' 
Grar 4 Chicago 5 Ti! . —_ ? 
time-tested stabilized precision . Dunbar Br D Associated Spring 
G precision capaci Corp. B — STRIPS, BLOCKS and BOARDS. 
tors available with polystyrene, polyethylene, teflon, . tr ne he ess 
: : . " B Harrisburg. Pa. _ 
and mylar plastic film dielectrics. Designed for critical appli- Lava Corp., Chattanoo 





cations. FC! Capacitors have high insulation resistance, low 


power factor and dielectric absorption, and are available 
in a wide variety of capacitance values, tolerances, 


casings and sizes. Write for FREE CATALOG 
showing complete line. 











Rex Rheostat Go.. Baldwin, L. I., N. ¥ 





FILM CAPACITORS, INC. “Dynamics Corp., 117 Carlson" 
3405 PARK AVENUE + NEW YORK 56, N. Y. Tt G I 8 I 
g J 
“a x Paek ggg BS 
352 Circle 354 on page 17 ' . 
t { { T } cT } 
SWITCHES, AUTOMATIC and MANUAL = ’ M & ¢ ( 
\ foe ‘Sna to : = Sq re D C 104 xR ws Miiv 





ehs 8 afl se Magr c kee 12, Wis. (ARCEFLOT 


| TSS 


IMMEDIATE 
DELIVERY! 


INDUSTRY DEPENDS 
ON THE 
MULTI-UNION LINE 
FOR HIGH STANDARD 
OF QUALITY. 


THE MOST COMPLETE SOURCE 
ON THE EAST COAST 









SHOULDER RIVETS 









INDUSTRY DEPENDS 
ON MULTI FOR “ON- 
TIME’ DELIVERIES. 


QUALITY - 
* WHITE GLAZED PORCELAIN 
d * SLATE 
*MOLDED COMPOSITION 
= 

Fuse Clips — Ferrule Type ore 
of spring tempered special 
tere al Me a 


COLD HEADED 
PRODUCTS 


IN ALL METALS 


IMMEDIATE DELIVERY 


eee | Catalog on Request 
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Now available in reprint form ($1.00 per copy): | 


| SLIDE RULE MATHEMATICS) 








a 
! S 
> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! | 
SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This : 
article is the work of Ira Ritow, engineer-teacher and author of the pop- | E 
ular “Capsule Calculus.” It traces the logical development of the slide | = 
rule's fundamentals and gives complete, concise instructions for its use. | z 
Contains over 50 two-color illustrated examples of step-by-step slide 3 
rule settings | = 
| 3 
: 
Major topics include: : - 
e Uses of the Basic Side Rule ¢@ Variations on Basic C-D Operation | , 7 
c e Trigonometry e@ The Log-Log Scales e@ Phasor Calculations | > re 
@ Vector Diagrams e The Circular Slide Rule. , - < = 
'ZEe 
‘ = ° w 
: ; |» + = we Oo 
The 20-page reprint, plus 4 practice slide rules printed on heavy stock for | eo a 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 | o S > 385 
for single shipment to one address, the per copy price is 90 cents; for : au Zz ® x 
° _ — 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York | ¥Y = d _ 
City delivery. The quoted prices include shipping charges. | 2a < Ne 
lage 5 > 
; uo" us < 
| e — = > > a 
R ; } ; 95 : ; w = w a < 9oO a 
eprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING ae : =z @ < 
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More than 3500 variations of 275 Stocx« Mold Parts 





SWITCHES, AUTOMATIC and MANUAL s DD M & ¢ ( 


























































F loa Liq L \ I \ r ; 
, I t Sna Ket RB Square D ( 404 N.R M a 
Magr kee 12, Wis. (ABCEFLOI 
® Magne c ee oe er, 
Pressur i Stromberg-Carlson. A Div. of 
Therma F nat Cort 117 Ca nk R 
i N.Y s 
s Scaemiiier i Struthers-Dunn, Ir Pit N 
\ : < ra a N Ave 
8 ‘ f ar Fixture K ‘ I N : 
Foo Ther Electric & Machine Wor! 4 3 
Jeater (Serier Multiple) (M Jefferson, Chicago 6, 1 s 
4 K I t ‘ T Er ere Products I ; Ww 
I ¢ oO Monro Redfor Oni v 
—e Snap (7 — Unimax Switch D The WL. Max 
Rota I Corp.. I Rd., Walling 
R ( R ‘ torte 8 
e Vernor ¥ CGHoO! 
S 1 Flectri Cor ‘ “ 
I Bldg. N 4 I 4 
\ Pa ARCDEPGHLOPS 
WN ite ae yw C 
Xx I HR 
aeliece: Peak & SYNCHROS. See Ser 
ers, Motor: Re 
TACHOMETERS 
: : 4 + Y \\ 
© Belr 4 ‘ « 
. nDe&eRi RE ¢ ‘ 
D : 7 
of I po. General ¥ Co.. Appa : D 
"IPR r ‘ 
ae k + ¥ 4 Reliance I «& Eng ‘ 
CDGHR a 7 
kee 1. Wis RS Weston Electrica tr ‘ A 
Q777 Ma Sub. of D : 
4 es . 
an Electr ( 
6. Cor ACDHE TAGS. TERMINAL 
Sales Cor Nor National Bar & O. Box 
HLNI T 9 Newport \ 
M Ha er R Natrar ( 7 Rar Ave Wx 
t a ee 
J 1 
CHR ! 
Milwaukee \ TANTALUM 
Fansteel Metallurgical ¢ Nor co 
ace — 
1 Park, I Mallory & Co Ir P. R I ana ’ 
snton 4. N. J 6. Ind 
cp eneee! eet TAPE. ADHESIVE and Cott 
E. 152nd. c FASTENING 
) 4 Z I ‘ I 
N Ml D I 
Ss x 78 W oo 5 4 
I ABELPS } all ¢ n Sa ‘ 
Box & ¢ - go ¢ 
‘ nr Minnesota M g & M 
se is ¢ Ssracuss. .1.. N ¥ Pr D k Ss 
DPSV a8. Sie s 
SPECIFY Capa Core, Coote, 9. 3c) Be noe 
Cutler-Hamimer, I i St. Pa 4 New I . a 
Milwa Ww EGLPW 
Dales ¢ Frank 80-184 E. M TAPE, FRICTION and SPLICE 
ELECTRICAL ate , es . 
Daven Ce 6 W. Mt. Pleasant Ave.. ! n Manufa 
Route I y 1s W gton I ‘ ‘ 
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Standar r ‘ Detroit i 
M Box 
Death Mol N.Y 
® Meets all Class B requirements ms : - Won 4 1 
® Dielectric strength — 600 volts per mil - Ke ( ee ‘ 
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® Tensile strength — 25,000 Ibs./sq. in ite opsvwy) ™ M & } 
@ Thicknesses from .010 to .025 West 38. M ea or : 
© An asbestos-glass laminate I Rochester ¥ 
® No delamination or fraying a ; TAPE INSULATING s ' 
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® High impact strength and arc resistance I 3 
@ Will take any electrical varnish <2 ee 
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Denver—Electric Motor Supply Co ee o Pr ts Div.. 900 | a r 
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TEMPERATURE CONTROLS. See Con- Stromberg-Carlson, A Div. of General D 
| ’ trols, Pressure and Temperature; Relays namics Corp., 117 Carlson Rd., Kochester 
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More than 3500 variations of 275 Stockx« Mold Parts 






MAKE YOUR PRODUCT 
DISTINCTIVE dz «oe etf14 cost 





HARRY DAVIES MOLDING COMPANY Makers of DAKA-WARE Products 


1428 North Wells Street . Chicago 10, Illinois 
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HERMASEAL . .. cisstoeta seat 


—— Hermaseal 















.--HAS MADE 


DUDEK & BOCK 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 





Hermaseal OCTAL Plug > 


——Hermaseal 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
Q easily assembled . . . that 
AS withstand stress . . . and 
SS perform under the most 
trying conditions! 


pEEDY DELIVERY 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


eal 
Cid THE HERMASEAL COMPANY, INC. Pea tetas 
saiadia scien talent a es DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 


NE 19 Circle 359 on page 17 Circle 360 on page 17 See 


... A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


= 
‘a 


& ¢ a 
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Hermaseal NOVAL Header and * 
Bracket Assembly. 





—Hermaseal 













. with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you 


Hermaseal 10 Kilovolt TERMINAL. > 


For further intormation, 
phone 2-3773 or write: 
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, TEMPERATURE CONTROLS. See Cor Stromberg-Carlson, A Div. of General D 
- 1] aT 7 Y 1] T 7 trols, Pressure ar Temperature: Relays namics Corp., 117 Carlson Rd., Kochester 
‘ Switches Thermometers Thermostats Y 


Struthers-Dunn, Inc., Pitman, N. J 


T MINA BLO S See Strips Ward Leonard Electric Co 34 Soutt 
- - _ . Mount Vernon, N. Y 
TERMINALS. See Lugs and Terminals. Westinghouse Electric Corp. Gatewas 






























Center, Bldg. No. 3, 401 Liberty Ave 
. . ' Pittsburgh 30, Pa 
; TESTING CHAMBERS. See Chambers. zenith Electric Co., 152 W. Walton, Chi 
CL Test eago 10. Il 


TESTING INSTRUMENTS See Instru TIMERS. SPRING ACTUATED 
Sena : ar : Elgin National Watch ©o., Micronicse Div 


Sigin. [i 


A 


THERMAL SWITCHES. See Sw 
TIME SWITCHES, See Switches 


TOOLS. PORTABLE 


THERMISTORS 


a te Co... Metallurgical Pr Barber-Colman Co., 1803 Rock, Kockfor 
raced — Ntioe I — are » Il Hardness Testing 
Victory Enginee ‘ Snr Gardner-Denver ©o., Quincy, I Pneu 
field Ra.. I Rea Er — mati 
, . . Thor Betts Ce Ir 28 Butler 
El i wee Terminal Tools 





T S 
Sao e eee TRACING CLOTH, FILM and PAPER 








A I I Wilson } = : 
A COMPLETE LINE OF Rd.. Chesterland 14, 0 9 , Keufel & Esser, Oo.. Hoboken, N. 
Direct-Acting : & Baker Pat D a eo city, N.Y 
General Electric ¢ Apparatus Sales D NSDUCERS, PRESSURE 
MAGNETIC oi le eg 
DISC BRAKES ao ae 3 
Eighteen models of Pi gt a ee ae 
Westor k trica I r t Cor A TRANSFORMER HOUSINGS. See «ss 


Dings Magnetic b. of Daystrom Ine. | Fre nets. Sheet Meta 
Brakes, with a torque 
range of 114 to 175 





tock, Rockford, il “© TRANSFER SWITCHES. Sco Sw 








Ibs. ft : meet every re- THERMOMETERS eee ELECTRONIC 
5 : Assembly Pr Inc 75 W ¥ M ‘ 
quirement for smooth stops and dependable hold- _it.. Chesterland' 14. © aiecaen as ia : 
é i : a i Westor ectrica trument ( A * Ce 5 e 
ing, with low maintenance costs. Simply designed it Daystrom I 614} — ee ae . 
and ruggedly built, these efficient units are direct Wheelco Instruments Dis... Barber-Colma = ; coke 
. - ° es un 403 Rock kfor I Raeaah ‘Stnedte eamat , 
acting for instantaneous release and positive stops. sa Chicago 18. Iii 
rr . . mar Electr ‘ 19 A 
There are no mechanical linkages and levers to THERMOPLASTIC WIRE. See Wire anc “O™ . | 
. . . : - Cable, Ansulated Dano El ‘ 93 Malr Vinst 
maintain. Designed for mounting on all old and Con 
Ik oo I . . Eiectran Mfg. ¢ 1901 Clybur 
new re-rated NEMA type “C” motor flanges and THERMOSTATIC BIMETALS ‘Chicago 14. Til ; 
. Tr. . Bra ( ( 5S 18 Washingtor M Microtra | 145 FE Mine 4 
for standard NEMA shaft extensions \ N.Y Valley N.Y ; 
‘ e ¢ W. M.. 1608 Beard Ave.. De- Nothelfer Winding Laboratories. P. O 
M 1 


“THRU-SHAFT” applications for facilitating di- hard Ind t. Inc. Chemical Div. Bt AE ectron Tube Div. Kadlo | 





rect coupling, use of hand cranks, tachometer, Sats tenants, te. SA. Wee OR EO. ee < 
plugging switch, pulleys, etc., are easily accom- Seal Plate Die cette nen Pes ANE? Roettcienl, Execens 4 0 F 
plished by a simple modification of the cover. M Pees Kneremene_. Sneerpacned 
Ur Transf ( Varick “ 
York N. ¥ 








tock, Rockfor 
" . TRANSFORMERS, BALLAST. See } 
NEW hazardous-location & Mfg. Co.. $266 N. Fescent Lamp Auriliaries 
MAGNETIC DISC BRAKES Carlstadt. N. J TRANSFORMERS, INSTRUMENT 
180-184 E. Mil CURKENT 
Now Dings combines all the advan- 8 Hollywood Plaza. “{*y 
tages of direct-acting magnetic disc . eaten I Al Lllwaukee “ 
- — Asso i Res 3 
brakes with hazardous-location fea- oa a ea mont, Chicago 18, ‘1 
; 211 Barth Chicago Standard Transformer 
tures tested and approved by Under Ce } ad Chicago 18. I ; 
“n> : n on A } ectr ‘ 49 
writers Laboratories the “707 . ar 18. I ; ; 
= a e 3 cf Ave ‘ = w 
Series for Class I, Group D: and the Dane . > Ma 
- ; : s ; : , jontr Acro I . 
709” Series for Class I, Groups C and D, and Class ) ES oe ~— aie. : 2 
Il. Groups FE. F. G “ : Genera! Electric ¢ Appere s Sales D 
' x ecta N 
l Lexington a Bola Electric (« 4/ Ww th < 
50, 1 
Corp., 429-83 wostinghouss Electric Corp. G 
k 56, N. ¥ ce Center, Bidg N 4 Liberty A 
Ir 34 W Pitt 1 
Ohio Westor s ‘ D.. A 
420 Market, Newark a Davystror I 614 Fre eS 
Ave Sewark N. J 





NEW magnetically-engaged estinghouse Electric Corp... Gateway : 
CLUTCH COUPLINGS oF ira a Pa ee SAAROTORUERS POWER CIRCUIT 































; ( 1403 Rock. Rockford. Tl 
Dings improved Magnetic Clutch W ca Edwin L.. 7530 T nee A 
Coupling is a heavy-duty, low in- W stor Co.. 1001 Newark Ave.. Eliza go 18, I 
. : = , 3 4 
ertia, positive engagement type util- sles fai 
° serr » vs for ‘ ; . Contre 30x 391. Butler. Pa 
a errated teeth for transmitting TIMERS, MOTOR Ttier-Stamener, 1264 S n 
ig t ues W age “7 > AEMCO, Ir 50 t Mankato, Minn Milwaukee Wis 
a Porque ithout slippage Phe Allen-Bradley Co., 1316 8. Second. Mil- Dano Electric’ Co., Main, Wi 
new, re-rated line now meets wider applications, with _Waukee 4, Wis Conn 
9 2 Controls ¢ of America, 9551 Sorenz Dormeyer Industries 124 Milw e Ave 
ratings from 1200 through 32.000 lb.-ft torque Ave.. Schiller Park. Il Chicago 41, Ill 
rat Controls Corp Bor 8. Center Electran Mfg. Co., 1901 Clybourn Ave ? 
. ° . Conn Chicago 14, Ill 
Take advantage of Dings complete engineering bicaat Cours... Sie Sith. hedind, Gioae hues Gh Ants BD 
service for your brake or clutch problems. ; Sehenectady 5. N. ¥ 
. Electric Co., Apparatus Sales Div Hevi Duty Electric Co., Milwaukee 
Write or phone today. nectady 5, N. ¥ Wis 
Ha Manufacturing Co Inc.. Prince Light Electric Corp., 214 Lackawanna Ave 
- t Ind Newark 4, N. J 
Haydon Co., A. W., 234 N. Elm. Water Nothelfer Winding Laboratories. P. O. Box 
t 20. Conr 4 1 EM " 
Ha b ( r I Cor RCA Electron Tube Div Radio Corr 
Elm Torrington, Conn of America, Harrison N J 
DINGS BRAKES Inc (ndustrial Timer Corp.. 1411 McCarter Sola Electric Co., 4633 W. 16th, Chicas 
, ° Highway. Newark 4. N. J 58. Til 
r te ° ae . . Lux Clock Manufacturing Co.. Inc.. Water Standard Electrical Products Go., 2240 E 
Z Zz —A Subsidiary of Dings Magnetic Separator Co, cea tae aca anderd Hlectricel Prod 4 
- . ar Ort 4201 Belmont Ave.. Chi Ther Electric & Machine Works 11A 
4713 West Electric Avenue Be rigs SB. Jelfereen, Chicase 6. 11! 
° ° . 6 Inc = 186- fest Chi United Transformer Co., 150 Varick. New 
Milwaukee 46, Wisconsin York 13, N. ¥ 
DB158'/2 4041 N. Richards, Milwau Wagner Electric Corp 6454 Plymouth 
“, a0 Ate St. Louis 14, Mo 
356 Circle 361 on page 17 


ELECTRICAL MANUFACTURINE 


Corp Gateway Insulation Manufac carers Corp. r - w 
Liberty Ave Washington Blvyd., Chicago 9%. 
401 Li ishington Minnesota Mining & Man 





NEVER | FORM WINDS HEAVY DUTY 


TT Uae DD 


Uses 4 to 23 A.W.G. as well-as Square, Flat and Rectangular Wire 








Model 150-AM Heavy Duty Multiple Transformer and 
Bobbin Winder multiple winds power, audio and similar 
heavy duty transformer coils, all types of heavy duty 
field coils and bobbins. All coils are continuously form 
wound at constant speed without jogging and without 
pounding when new Model T-150 electrically controlled 
variable torque tension is used. Available at extra cost, 
Model T-150 tension develops 700 foot pounds torque, 
accommodates spools up to 30” diameter and handles 
flat, square, rectangular or round wire. 


Reduce your winding costs appreciably with 
Model 150- AM. Continuous winding crre~-O 
: slow jogging 
; forming operation. Wi rite for complete details 
E today. 





GEO. STEVENS MFG. CO., INC. * Pulaski Rd. at Peterson, Chicago 46, Illinois 
Dhe. Mest Complete Line of Cctl Minding € guifment Made 
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Sherman 


SEND FOR 


BIWA X 3442 Howard Street TECHNICAL . Sherman Solderless SS Type 
Corporation cen diene ee rer z Aa -fowens ys as: ee 

: in six sizes — #14 to 1000 
MCM. Large contact surface for 
maximum conductivity. Open 
end barrel assures proper cabie 
installation. Low silhouette — 
easy to install in tight places. 
Precision made and corrosion 





NEW MOLDED CORONA BARRIER 


insures uniform 
and 
minimum loss 





Precision molding provides the proper thickness of deposit 





each and every time on the transformer winding. Uniformity of 
barrier thickness assures minimum and uniform corona loss 
Ideal for TV flyback transformers 





Circle 363 on page 17 


MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 








resistant. 
/ 
' Cc / S) Sherman — Known for quality 
/ E since 1895. 
pom 
@ Aluminum, steel, bross, f 4 / Oo} ou 
eine van ieee 
* en! — mony (é U a 
ame Fo. YANN emo OL: 
er, en FREE SAMPLES AND FOLDER LISTING es Sua 
etc. ALL STYLES AVAILABLE ON REQUEST BATTLE CREEK, MICHIGAN 
NATIONAL BAND & TAG (0., P. 0. Box 9-254, Newport, Kentucky 
NE 1958 Circle 364 on page 17 Circle 365 on page 17 357 









Westinghouse Electric Corp Gateway Insulation Manufacturers Corp.. 565 W 


Center, Bide. No. 3, 401 Liberty Ave. Washington Blird., Chicago 6, Ill 
Mi Osi N EE fa fy Pittsburgh 30, Pa Irvington Div.. Minnesota Mining & Man 
... Creator of Specialized Papers ufacturing Co., 9 Argyle Terrace, Ir- 
*RANSFORMERS, VARIABLE vington Il, N. J. 
VOLTAGE Natvar Corp., 207 Randolph Ave., Wood 
t 7 en ' bridge, N. J. M 
. ¥ _ rie Corp., 356 Water, Cuba, yeaey Corp., 504 W. Court, Rome, N, ¥ 
. oA . . 8 Westinghouse Electric Corp., Gateway 
er ap aatete Co., 3349 Addison Poser Bldg No. 3, 401 Liberty Ave 
Electran Mfg. Co 1901 Clybourn Ave Pittsburgh 30. Pa 


Chicago 14, Ill 


Heri Duty Electric Co. Milwaukee 1, Wis. TUBING and SLEEVING, EXTRUDED 


KCA Electron Tube Div Radio Corp. of PLASTIC 


America, Harrison, N. J Borden Co., Resinite Dept., Santa Barbara 
Standard Electrical Products Co., 2240 E Calif 
fhird, Dayton 3. Ohio General Electric Co Plastics Dept 


Decatur, Ill 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 

Lovejoy Mlexible Coupling Co 4802 W 
Lake, Chicago 44, Tl 


ufacturers Corp 565 W 
i.. Chicago 6, Ill 

sota Mining & Man 

Argyle Terrace, Ir 





t eS 
“ u nized Fibre Co., Wilming 
TRANSISTORS and CRYSTAL DiopESs National Vulcanized Fi 
( e Tra r Pro Di Clevite Natvar Corp., 207 Randolph Ave., Wood 
: wridee. N. 2 
New Jersey Wood Finishing 
: Dept., Wor i 


241 Cres 

Genera Electri 
Electronics Park, Syr 
Germanium & 8S 

Hoffman Semiconduct 

















Ele Corp ers, 8027 N. Me 
I ec - 
i S r D 33-32 
Calif. . : ; , Gasket Co Plastics D f 
International Rectifier Cort 1521 E k Packing (x Camde 
Grand Ave., El Segundo, Calif 
International Resistance (x 401 WN rT 4 WwW. ¢ R N.Y 
Broad, Philadelphia &. Pa Se 
RCA Semiconductor D Rad Corp. of TUBING, STEEL. 8 Ss ‘ ercia 
merica, Harrison, N. J Forms and Grade 
Sprague Electrie Co 7 Marshall, North d 
Adar Mass TUNGSTEN. See also Contacts ; 
Ss 4 Electric Products I 1740 ns Moet . r wth Chi 
Broadway. New York 19. N. Y¥ _— ee s fetallurgical ¢ L N « 
Texas Instr st rporate i, ¢ Len Mallory & Co.. Ir BP. RM. Indlenene 
1 sitron Electror Cort Wakefie 6. Ind 
Mass Ee 
W cleans Electr Cort Gateway UNDERCUTTERS MICA See Mica 
Center, Bldg. N 3. 4 Liber Ave Undercutter 
Pittsburgh 22, P 
: ™ UNIVERSAL JOINTS 
TRANSISTOR TEMPERATURE Apex Machine & Tool ¢ i2 8S. Pat 
CONTROLS ler Bivd.. Dast Ohio ; 
t P T Lave Flex ‘ g < 4802 V 
ed Aircraft Pr I p 3 
Bolander Ave.. D 0 Lake. Chicago 44. I 
ACUUM TUBES. See 7 s. Cathode 
TUBE PARTS (Electronic). See Elec- Qe e  Tunes. Electr 


nie Tube Compor 


TUBES, CATHODE RAY er SOLENOID 





General Electric Co.. Tube Dept.. Schenex 
tady 5. N. ¥ M Ha rR 
a . . s _: RCA Electron Tube D Radio Corp. of 
Precision punchings from laminated stock made with Mosinee America. Harrison. NX. J Rock, Rockfor 
controlled-absorption paper. 
TUBES, ELECTRON (industrial) ee 





Amperite ©Oo.. Inc.. 561 Broadway, New ri ea 
York 12, N. ¥ Schene 7s N.Y 

























































Chatham Electronics. Div. of Tung-Sol : ‘ ris nufacturing ©o.. 2% 
Electric Ine., Livingston, N. J . St one Mi ee : 
Eitel-MeCullough San Bruno. Calif aa dhere, GAOT Mela Ave. Ct 
Electrons Inc.. 127 Sussex Ave... Newark r ees 
ee a _ 
General Electrie Co.. Tube Dept., Schene Valve Div.. New Brite 
controlled-absorption papers wane, Wace: Saks Electric Gatews 
1 res 6 Products I Tube > N 3 A 
: : ° International Airport Sta Los Angeles : . . 
upgrade laminates without hiking costs ‘5. Calif. e 
Controlling the resin absorption of impregnating papers Sylvania lectric Products. Ine.. 1740 ‘Insulating 
a Broadway, New York 19, N. Y 
is an old problem. Vinuseen  Sasteneent Ge S008 Slousks VARNISHES. COMPOUNDS and 
: : jhe Ave., Cleveland 3. Ohio RESINS, INSU 
Mosinee answers the problem effectively through com- Westinghouse Electric Corp., Gateway acme Wire Co.. 1255 Dixwell Ave. New 
7 sid ; Sec— wi : Center, Bldg. No. 3, 401 Liberty Ave.. Haven 14 r 
pletely controlled paper-making processes with thick- Pittsburgh $0. Pa Bekelite Co., Div. of Union Carbide Corp 
ness and density held to your specifications. 30 E, 42nd, New York 17, N. ¥ 
' - TUBES, METALLIZED GLASS See Borden Co Resinite Dept Santa Bar 
This means that you can get controlled-absorption Glass, Technical. t “alif 
= . . , George C.. 242 Paterso 
papers made to exact specifications. That’s not all. The TUBES, PHOTOELECTRIC. See Photo- or wae 
fine quality you get will continue to be the same from electzie Calls and ‘Tubes — Pr 
roll to roll, from carload to carload, as long as you order it. TUBES, THERMOCOUPLE Plostics” coment 6 eee ies.) ot 
J ed # midlets ast a olychem ical ept 
As a result, Mosinee’s special specification service and a ee ae Oe Pn ee ee 
uality control of all esses é i J hemical Co., 1306 Walck Rd, N 
q J all processes of paper making help you TUBING, ALUMINUM. See Aluminu Tonawanda, N. Y. 
produce fine-quality laminates—without increasing your General Elec Co.. Laminated Products 
manufacturing costs. TUBING, BRASS. GRONZE and cor ee Cie Ben 
¢ z . See ss, Bronze d Coppe Washin Chicago 6, 11 
For more facts about Mosinee controlled-absorption Irvington Di nesota Mining « Man 
2 i 7 TUBING, FIBRE. See Fibre. ufacturing Co., 9 Argyle Terrace. Irving 
papers, mail the coupon today. ‘ a toe 11, 2 cp 
yndor “hemical Co ic 537 } lst 
TUBING, LAMINATED METAL. seo ‘rdon Chemical wee . 
Laminated Metals. Precious and Base Minnesota Mining & Mfg. Co., Electrical j 
Products Div 900 Fauquier Ave., St 
TUBING, MICA. See Mica Paul 6, Minn 
Oronite Chemical Co., 200 Bush, Sar 
TUBING. NICKEL and NICKEL ALLOY. _ Francisco 4 Calif. oe 
See Nickel N el kk 8 1 Jillian ‘o., General Industrial 
PAPER MILLS COMPANY a a Div... Cleveland 1, Ohio : 
. 2 . U 1 Carbide Corp., Silicor Di 4 
Mosinee, Wisconsin TUBING, PAPER page ee Ee a ’ f 
Cleveland Container Co.. 6201 Barbertor Electric Corp.. Gatewa 
pe ls Na At a is ane Ss Spa tab as a ns esd nasi was gs ep ac * Cleveland 2. ° No. 3, 401 Liberty Ave 
; ( inental-Diamond Fibre. A Sub. of The J Pa. ie 130 26th, Brook 
so. Newark 1 l ne., 112-130 26th, Brook- 
Mosinee Paper Mills Co., Dept. EM-5, Mosinee, Wis. i Ps Bs, eee ty 612 Lafs- Y 
; é i Ft. Wayne 2, Ind. 
Gentlemen: Please send us your Data File on controlled-absorp- ' VARNISHES, FINISHING. See Lacquers 
’ ‘ TUBING, SILVER. See Silver and Silver  Bnamels, Paints and Varnishes, Finis 
tion papers. We make ae ' Alloys. ing 
' 
si zs \ TUBING and SLEEVING, BRAIDED VARNISHES, INSULATING. See Var 
Nat 1 FABRIC. (Textile or Glass-Fibre treated nishes, Compounds and Resins 
Pe RN Cah Gree caaccs Ra sGb wh Sheba yeas dekie ka beeoueeebas, ' with lacquer, varnish or synthetic resin.) 
RUMEN dar cbc Ge ae sep ees aes pak aR eheeawsben ; ' Bentley, Harri Co., 200 Barclay, y-BELTS. See Drives, Belt 
\ ei Cor shohoc _ ‘ ; 
aioe Borden Co., esinite Dept., Sant Sarbar 
AGGrOES. eevee eecerecerssesereccenssersevevereseesssccecege . ' Calif. nee, * VIBRATION TEST MACHINES 
City a Zone State Le a ' Cont nental-Diamond Fibre. A Sub. of The General Electric Co., Apparatus Sales D 
* ‘ Budd Co.. Newark 13, Del Schenectady 5, N. ¥ 
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Weastinghanse Wiestria Coen flatewav Feeer Wire Corp. Wire «and Capnle Div 













SORENG ee 
SNAPAC SWITCHES 


ELECTRICAL offer you 

HIT ELAA ©| Sesser 
evenenen HIGH CAPACITY 

ECONOMY 















Contacts in BRALOY* 


(Silver-Cadmium Oxide) 





Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
d form of contact rivets, welding type contacts 
etc. Whether you are seeking advice on new 
applications redesign, or wish your own designs 
executed. send us your requirements, and they 
will receive our most careful attention 


Extra KNOW-HOW 













tor your specific desten problems 
A 







LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 





MODEL NO. 
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. Electrical Coil Windings 


For 40 years .. . specializing in all types of 
coils to customers’ specifications. Design or 


engineering assistance available on request. 


ELECTRO-MECHANICAL 
FEATURES 


® Instantaneous, positive 
make and break action 


COTO-COIL CO., INC. 


SINCE 1917 ® High contact pressure 


ae . a . sitive t ration me 
63 Pavilion Avenue Providence 5, Rhode Island Men-censltive te vacate to 1/4” nom 
ond shock 






















®@ Stable under momentary 
Circle 368 on page 17 high overload 
@ Available S$ P S$ T normally 


open or closed, or SPOT 
o bf 4 E i) RATING: 
STEEL BLUE’ 15 amp 125 V. A.C 


ON Sea ena eee eae 10 amp 250 V. A.C. 










Va hip. 125/250 V. A.C (fe? Qa 
Popular package is 2 n.p . AT ’ > 
8-oz. can fitted with ' aa = ~ pas4/ z 
Bakelite cap holding news egigamaptal Door es e\ 
—4 | soft-hair brush for a switches \ oy 
plying right at bench: Sa 7 
metal surface ready for lsat 
layout in a few minutes ies Rane earieeaiali aoatuiies 


The dark blue background = 
makes the scribed lines = 
show up in sharp relief, 2 

= 


SF CONTROLS COMPANY OF AMERICA 
‘ SORENG 


9551 Soreng Avenue ® Schiller Park, Illinois 









prevents metal glare. In- 
creases efficiency and 
accuracy. 





2 prnea see Bet, Write for sample 


on company letterhead 


Tbe THE DYKEM COMPANY 
2303F North 11th St. « St. Lovis 6, Me. 







controls that make modern living possible 
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Designers— Engineers: 








There’s no need for you to 
design cords for power tools, 
appliances or equipment. That's 
our business! We'll engineer the 
wire, type of attachment, and 
complete assembly. 


Or, you can choose from Royal 
stock molds for caps, connec- 
tors and strain reliefs, for mold- 
ing in rubber, neoprene, vinyl 
or styrene, to black or colored 
cords of our own manufacture. 


Catalog 5-55 illustrates our 
stock molds. Write for it. 


ROYAL ELECTRIC CORPORATION 


Corp Gateway 
401 Liberty Ave 





VIBRATORS 


Aerovox Corp., New Bedford, Mass 

Mallory & Co., Inc P. R., Ind 
6. Ind 

Oak Mfg. Co 1260 N, Clybourn Ave 
Chicago 10, Til 





WAXES and COMPOUNDS 
Bakelite Co., Div. of Union Carbid 
30 BE. 42nd. New York 17, N 
Biwax (x . 3443 Howard, Skokle, Ill 
Dow Cor g Corp., Mi nd t 


















tric Co 
Coshocton 
ta Mir ! 
jucts Div 900 Fauquier Ave 
6. Minr 
har Mills, Ine., 112-130 26th, Brooklyr 
N. ¥ 


WEDGES and PEGS, ARMATURE 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6. 11 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 





WELDING EQUIPMENT 

General Electr Co., Apparatus Sales 
Div.. S 3 

Revere Copper and Brass Inc., 230 Park 
Ave New York 17, N E 








‘ tewa 
4 Ave 
WELD NUTS. See Fasteners 
WHEELS, BLOWER 
T ym Manufacturing Co., Torringtor 








n 


WINDING MACHINES. See Coil Wind 


ng Machines, 


WIRE AND CABLE, BARE 

American Brass Co., Waterbury 2 ‘ 

American Steel & Wire Di I S. Stee 
Corp., Rockefeller Bidg.. Cleveland 


Ohio 
Anaconda Wire and 
way, New York 4 
Chase Brass & Cor 
necott Copper Co 
Cornish Wire © 
York 7, N. Y 
Essex Wire Co. 
Fort Wayne, Ind. 











0., 





General Cable Co 420 Lexington Ave 
New York 17. N. Y 
Genera! Electric Co., Construction Mate 


rials Div Bridgeport 2, Conn 

Page Steel & Wire Div., American Cha 
& Cable Co., P.O. Box Monesser 
, ese or Carbon Steel Armature 


























w 
lloy Metal Div.. H. K. Porter 
Riverside, N. J 
Sor Corp John A., Sub. of 
Fuel & Iron Corp., Trenton 








Ror ble Corp., Rome, N. Y 
Ss Electri I t Iy 74 
New York 

WIRE and CABLE, INSULATED 
Asbestos A) 
Rut r B) 
Varnished Fabric ( 
I plastic 
(oartial Cabie 

American Steel & Wire Div., U. 8S. Stee 

Corr Rockefeller Bidg., Cleveland 1 


Ampher Electronics Corp 
ago 5 I (X) 
ja Wire and Cable Co., 25 Broad 
New York 4, N. Y¥. (ABCTX 

zy. Co., 4633 W. Van Burer 
Il. (ABTX) 
sulated Wire Co., 53 Brook 
Bridgeport 8. Conn. (T 
& Copper Co., Sub. of Ken 
pper Corp., Waterbury 20, Conn 


1830 8S. 5S4ur 





er Cable Corp.. Sub. of Miami Cor 

r Co., 25 Hill, Chester. N. Y. (TX 
ental Wire Corp.. Wallingford 

ATX) 

ire Co., In 50 Church. New 

N. ¥. (BT) 

sulated Wire Corp., Walling 

n. (ABCT) 





A short-cut to RESEARCH! 


e Hundreds of 


provided themselves with personal file copies of the 


ELECTRICAL MANUFACTURING 
5-YEAR ANNOTATED EDITORIAL INDEX 








design and 


Essex Wire Corp., Wire «nad Caple Div 
Fort Wayne, Ind, (BT) 

General Cable Corp., 420 Lexington Ave 
New York 17, N. Y. 

Construction Mate 














General Electric Co 
ri Div., Bridgeport 2. Conn &BCX 

Hite Wires, Inc 1200 Shames Dr 
Westbury, N. Y. (T) 

Microds Ir ( Pasadena Ave & 
Pa f Calif x 

Phalo Plastics Corp., Commercial & Fos 
ter. Worcester 8, Mass. (TX) 

Phelps Dodge Copper Products Corp 
Park Ave., New York 22, N. ¥ 
ABCTX 


Plastoid Corp., 42-61 24th. Long Island 
City 1.N. ¥ 
Re Cor l K W 
M 
tockbestos 
Conr A” 
Roebling’s Sons Corp John A., Sub. of 
Colorado Fuel & Iron Corp., Trentor 
a; eee 
Rome Cable Corp., Rome, N. Y. (BTX) 
Royal Electric Corp., Pawtucket, RB. I 
ABTX 






oducts Corp., New Haven 4 


WIRE CUTTERS and STRIPPERS. Sce 
Strippers, Wire 


WIRE CUTTING PLIERS and TWIST 
ERS. See Pliers and Cutters. Wire 


WIRE FORMS. See Springs. Coll ane 


Flat; Stampings, Meta 


WIRE. MAGNET 


Acme Wire Co., 1255 Dixwell Ave. New 
Haven 14. Conn 


Anaconda Wire and Cable Co., 25 Broad 
way. New York 4, N. Y 

Belden Mfg. Co,, 4633 W. Van Burer 
Chicago 44, Il 
i por sulated Wire Co., 53 Brook 







8, Conn 
Sub. of Kenne 
Waterbury 20. Conr 





Co Wire and Cable 
Mich 
Magnet Wire Dir 
Ind 
420 Lexington Ave 
N.Y 
yer Co Construction Ma 
t Bridgeport 2. Conn 
Hitemp Ine 1200 Shames Dr 
We r L, I _ T 


r Pr Corp., Inca 
Dir Fort Wayne. Ir 
Products Corp New Haven 4 





Roebling’s Sons Corp.. John A Sub. of 
Colorado Fuel & Iron Corp., Trenton 
N. J 

Rome Cable Corp Rome, N. ¥ 

Sprague Electr Co., 307 Marshall. North 
Adams, Mass 

Tensolite Specialties Ine 198 Mair 
Tarrytown, N. ¥ 





WIRE MAGNETIC RECORDING. See 


Magnet Recorder Components 


WIRE, RESISTANCE 


Driver Co 





WIRE STRIPPERS. See Strippers. Wire 


WIRE TIES 


Electrovert Ir 4289 Fifth ave New 
York 17, N. ¥ 


WIRING DUCTS. See Ducts, Wiring 


a 


WIRING HARNESSES See Harnesses 
nd Assemblies, Wire 


WORMS and WORM WHEELS. See 


Gears and Pinions 


WRENCHES SOCKET SCREW See 


Socket Screw Keys and Wrenches 


YARNS, BRAIDING and SERVING. See 


brics, Insulating 
ZINC 


New Jersey Zir « 16 Front New 
York 38. N. ¥ 


research engineers have 









The 60-page book lists by functional subject classificatior with su 
net annotati every feature article and major Design Trends 
PAWTUCKET ° RHODE ISLAND short article ished in ELECTRICAL MANUFACTURING during the S$ 
In California ar period, 1951-1955 
ELECTRIC CORDS & SUPPLY CORP. 
413 E. 3rd St., Los Angeles 13 Per copy price is $2.00 on orders accompanied by remittance (add 
per cent sales tax for New York City delivery). Please make re 
Monufocturers of WIRE * CORD ASSEMBLIES + FUSES « WIRING DEVICES mittance payabl The Gage Publishing Company, 1250 Sixth Avenue 
New York Y 
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Designers— Engineers: 
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OUTSTANDING 

DESIGN 

ADVANTAGES 
INCLUDE — 


ADVAC TERMINALS ARE PRODUCTS OF — 










ADVAC TERMINALS 


-will solve your 
toughest hermetic seal 
problem with a wide 

e margin of safety! 





ADVAC Hermetic Seals are 
produced under an exclusive 
Pp rocess th: at provides a superior 
al capable of withstanding 
fa gruelling 
how conditions. Advac terminals 
eature a metalli eck h gh grade 
tion that 
I ] rength seal 
Performance-proven in —— 


renvironmenta 






are available 





ypes or custom 


designs for sootial requirements 


> Immunity to Thermal Shock 

> High Mechanical Strength 

> Maximum Voltage 65,000 V. 

>» Adaptable for Brazing, Welding or Soft-soidering 








BY LLETIN - itains 
ADVANCED VACUUM PRODUCTS :- INC lai i adicsiilons dad Se ede 
430 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT + Phone: DAvis 4-2148 spe icati e ADVAC line. 
A Division of General Ceramics Corporation Address inquiries to Dept. MF 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers 


Write tor descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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FOLDING DOUBLE CUPPED WASHER LUGS 


— Solderless mmm) (} 


Easy to Apply = 
an No Special Tool Needed os 
we © 200 


6 One-Piece Construction 
Efficient in Je Write for 


CC= C= — =r & ero A oO 
1043 EVANS bdetaan ee iy a a0 
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NEW 
MINIATURE 
AGASTAT 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 
reset time—less than .020 seconds 


UNAFFECTED BY VOLTAGE VARIATIONS .. 
constant from 18 to 30 volts DC 


ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION... 
SMALL... 
LIGHT . . . maximum weight—15 ounces 
MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 
This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing ] 


principle, proved by a half-century of reliable 
operation on automatic ai 


ls to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications. 
For specific inforn n on the new AGASTAT relay for 
your application, write to De pt. A30-627. 


ms ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 





. time delay remains 


for either energizing or de-energizing 


height—454". . . width—1'X,"". . . depth—114” 
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Save space 
with these 
TiS 
HELO 
IER 





Perfect for 
compact RF 
equipment... 


These tiny variable capacitors pro- 
vide the ideal solution to compact 
design problems. Requires just °¢” 
x 34” panel area—the longest model 
extends only 1 17/64” behind panel. 
Soldered plate construction, over- 
sized bearings, and heavily anchored 
stator supports provide extreme ri- 
gidity—torque is steady rotor 
stays “put’’ where set! Bridge-type 
stator terminal provides extremely 
low inductance path to Boru stator 
supports. Nic kel-plated rotor con- 
tact—steatite end frames DC-200 
treated. Single section, butterfly, 
and differential types available. 





| 
— 
t 
SPECIALS—Johnson Miniature Air Var- 
iables are available in production quan- 
tities with the following features: 
1. Locking bearing. 2. 180° stop. 3. Var- 
jous shaft extensions. 4. High torque. 


5. Silver or other platings 


For complete information on these 
miniature capacitors or other Johnson 
electronic components—write for your 


free copy of our newest components 
catalog. 


Free 


Contains complete spec 
ifications on Johnson 
electronic component 






2619 Second Ave. S.W. « Waseca, Minnesota 
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MOTOR OFFERS 
ADAPTABILITY 


ee) 


is compact 4-pole shaded 
ls mpact le snaded 





induction motor gives you 


a wide choice of horsepower 


tages, Irequencies, starting 
taroiie NMAINtTIN rAtTTICN » 
Lorque, mounting provisions 





1 other moaincations. Stand- 


ard 
aiUu 


have 


: 1} 
moqadeis nay 


horsepower 
ratings from 1/30 to 1/200 hp; 

1700 rpm; load 
speeds 1400 to 1700 rpm; 115v 
60 cycle, CW or CCW; 


low starting torque. Mounting 


free speed 





stud, flat 
ip. Modi- 
d or side 
fan. Other 
frequencies are 
available. Typical applications 





voltages and 


ai 
are tor vending machines, Iians, 


“ 
many models in the com 





Fractional Horsepower Motors 
and Blowers. your 
product and specifications. 
Heinze Engineers will adapt a 
motor at no obligation. Or write 


for catalog. 


Send us 


ETE v1: c 110 COMPANY 


685 Lawrence St., Lowell, Mass. 


"and Blowers 
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--- 50 Use INDEX TO 


"A.W. HAYDON ADVERTISERS 


company’s 


Wire Div., Sub. of The Colorado }t 


ELAPSED TIME INDICATORS... '@",<°" 


Rogan Brothers 









You, too, can afford the space to keep track Royal Electric Corp., An Associate of 
of time! From now on, these really small invernat Set AIC ORS AER DeACeray 
(il4,") Elapsed Time Indicators will keep ital 
company with the best of Electronic Miracles ellie in ie Dis 
Seaman 3 ( 
Seaboa I D \ Sy ‘ 
Cory 
Ss «) ‘ 
Sh mn Mars ng ¢ H. B 
S win ns ( I 
G Ir s D 
Skit I \ D 
S ( 4 © 
s } ( 
The dial type units read up to 2,500 hours in SI g | ( it 
one hour increments, while the digital type units pencer D M s& Ce s 





read up to 9999.9 hours in one-tentt 


crements. Designed for military applications, Sq D ¢ 
these 414 ounce units can save valuable panel Stacky ( n ( 


. | t nad | ° ' | I 
space in industrial and electronic a ications Star Elect I ( 


ah 


ANYV-MAYDON (See, 





D cy — 
Sat w COMPANY eo 
t AWH ET | * Stevens Manuf g ¢ I B ( 
23+ NORTH ELM STREET © ‘ M ( 
WATERBURY 20, CONNECTICUT 
Design ond Monufecture of Electre-Mechenicel Timing Devices “ , ' : ; ; 
I I ( 
Tenness ( x | I 2 
( p 
Tens I w ( I 
it & B ( i I 
Thomas & Skir in 
Thomson Mfg. ¢ J son | 
linnerman Pre ts, Ir 
Toledo Com or Ce 
Torrington Manuf ge ¢ 
Union Carbide ( 


Nationa! ( bon ( 


Un St s Gasket ( I D 
The G ‘ Packing ( 

L nite States S Cory 

Un St St Exy 


Vickers Electric Pro rs Di \ 
Inc., Div. of Sperry Rand ¢ f 
Victory Engineering Cory 


iS EB .3) 38% MMO Rey Ula Oe 
A ELC M Seem e EW Waldes Kohnoor, It 


SEU eV 8) ~ S SaneRe 
Ward Leonard Flectric Co 
TINY! Watlow Electric Manufacturing ¢ 
Aue st ae ya ae Tears) Westinghouse Electric Cory 
Weight only 4 ounces ae 5 
Compact flange of MS-28053 Mounting Weston Instruments, Div. of 
blind 
TOUGH! Daystrom, Inc 
ett ities 54°C.t0 85 °C West Virginia Pulp and Paper Ce 
Vibration: 500 CPS, 10g Pulp Products Dept 
Shock 50g W hite-Rodgers ; 


Hermetically Sealed Housings! Wilcolator Co., The 


— ete Bg-le em eT tte i- loth Ww ag Div., H. A., Engelhard Industries 
400 Cycle Models Now in Production! . 
. tom D n Tent tinh) Wire and Cable Div 
234 NORTH ELM STREET, hat id RL Le, 


; Essex Wire Corp ( 
WATERBURY 20, CONNECTICUT Se 


Ww t i ey) Wisconsin Porcelain Co 
Design ond Menvfecture of rite for Bylletin AWH-ET-602 


Electro-Mechonical Timing Devices 





Zenith Electric Co 
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STEMCO THERMOSTATS 


PRODUCTS 
T OF BRAKES! 


ROLLING STOP... Master Type D 

Dynamic Unibrake Motors. Braking i 
vith a unique, patented brake 

osed on the stat 


ii} 


Type D, AC Dynamic PERS COMAIITERNY.. FAECES 


UNIBRAKE MOTORS ~ 


ey 


STOP-HOLD... Master Type M 
Magnetic Unibrake Motors. For 
quick, controlled stopping... esp 
/ = -— - cially when you want to hold 

Ss 7 : load. Spring-setting magnetic brakes 

. ‘| of the friction disc type combine with 
motor in a compact, integral unit. 
Sizes... 4s to 150 H.-P. 


MASTER GEARMOTORS and variabl 
Type M—Magnetic drives can be furnished 


Y: with 


too. See Master for the I 


drive for you. 
THE MASTER ELECTRIC CO. 
DAYTON 1, CHIO 


Fr AAI CG _ELECTRIC AND, 
DIVISION OF ik CLIAIN UC “ENGINEERING Co. 
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1, 2, TYPE C semi-enclosed (1), hermetically 


sealed (2). Small. noritive actina with electrically 





—— lh ia ae Dike Sin, 
STENCO THE RMOSTATS Bi], 2, TYPE C semi-enclosed (1), hermetically 


sealed (2). Small, positive acting with electrically 


=, Pe F independent bimetal strip for operation from 

CM CU MO) CUT LCL C00) | “10° to 00°F. Rated at approximately 3 

p amps, depending on application. Hermetically 

. s ae sealed type can be furnished as double ther- 

: mostat “alarm” type. Various terminals and 
mountings. Bulletin 5000. 








3, 4, TYPE M semi - enclosed (3), hermetically 
sealed (4). Electrically independent bimetal disc 
types for appliance and electronic applica- 
tions from -20° to 300°F. Rating: 8 amps at 
115 VAC, 4 amps at 230 VAC and 28 VDC. 
Semi-enclosed with virtually any type terminal; 
hermetically sealed with pin or solder termi- 
nals, wire leads, various mounting brackets. 


Bulletin 6000. 


5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec- 
tronic and similar uses. 2° to 6° differentials 
available. Rated at 3 amps to | amp, depend- 
ing on duty cycle, at 115 VAC and 28 VDC 
for 250,000 cycles. Semi-enclosed types with 
metal or ceramic bases; hermetically sealed 

} j . in circular or CR7 cans. Various terminals, 
| a mountings, brackets, etc. Bulletin 6100 


7, 8, TYPE S* adjustable (7), non-adjustable (8). 
Positive acting with single stud or nozzle mount- 
ing. Operation to 600°F. Rated ct 15 amps 
at 115 VAC, 7 amps at 230 VAC. Spade, screw 
or elevated terminals, various adjusting stems, 
etc. Bulletin 1000 


9, TYPE SA* adjustable (9) or non-adjustable. 
Snap acting with electrically independent bi- 
metal. Also single-pole, double-throw. Single 
stud or nozzle mounting. Non-inductive-load 
rating: 15 amps at 115 VAC, 10 amps at 230 
VAC. Spade or screw terminals. Bulletin 2000 


10, TYPE SM* manual reset (10). Electrically 
same as Type SA (above) except for manual 
reset feature. Bulletin 2000 






11, TYPE B adjustable (11) or non-adjustable, 
For uses where heat generated by passage 
of current through bimetol strip is desirable. 
Various terminals, single stud or nozzle mount- 
ing. Operation to 400°F. Nominal rating: 52 
omps ot 115 VAC of 40 cycles and higher. 
Bulletin 9000 


| 


12, 13, 14, TYPE A®* semi-enclosed (12, 13), 
hermetically sealed (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snap action control for appliance, 
electronic and apparatus applications from 
-20° to 300°F, or higher on special order 
Rating: 3 to 4 amps, depending on duty cycle, 
ot 115 VAC, 2 amps at 230 VAC and 28 VDC. 
Various enclosures and mountings, including 
brackets. Bulletin 3000 


15, TYPE R* sealed adjustable (15), sealed non- 
adjustable. Positive acting for operation to 
600°F. Rated at 15 amps at 115 VAC, 4 amps 
at 230 VAC. Screw terminals. Bulletin 7000. 


16, TYPE W* adjustable (16), or non-adjustable. 
Snap action bimetal strip type for operation 
to 300°F. Rated at 5 amps at 115 VAC, 3 
amps at 230 VAC. Screw or nozzle mountings; 
spade, solder or screw terminals. Bulletin 4000. 


17, TYPE Hi adjustable. Positive acting for fry 
pans, skillets, sauce pans, etc. Fail-safe, open 
in low to 500°F in high. Rated at 1650 watts 
at 115 VAC. Bulletin 10,000. 


18, TYPE D* automatic (18), or manual resef. 
For laundry dryers or other surface and warm 


— 2) : cir applications. Snap acting disc type U.L. 
STEWENS manufacturing company, inc. 


approved for operation to 350°F. Open or 
enclosed styles. Rated at 25 and 40 amps at 
P.O. Box 1007, Mansfield, Ohio 


fo | < 120-240 VAC. Screw or spade terminals. Bul- 
R letin 8000. 


i Illustrations, for general information only, 
STE al Cc © do not necessarily show size comparisons. Fully 
* F dimensioned and certified prints on request. 

Manufacturer reserves right to alter specifica- 
tions without notice. AA-7230 


*Refer to Guide 400£0 for U.L. or C.S.A. approved ratings. 
{Patent Applied For. 


Circle 103 on page 17 TH ERMOSTATS 


